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receptor proteins provide a ven, .rr^rtaj ^'J^^^ ofSufl.. « Ib required to clarBy functional mechanisms ol 
antagonists to receptor proteins. efficien^.uidwe.^^ 

receptor protein genes expressed in a bram ^"^J^J^^^^ body, random analysis ol cDNA sequences has 

^sce^W. as a means tor analyzing ^l^'fl^^,!^^^^ have been registered with data bases as 
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One object Ol the present invention » to provide novel -p 
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BRIEF EXPLANATION OF DRAWINGS 

in^JltHfJ!^!^^'' sequence encoding the human G-protein coupled receptor protein (short lorm) of the present 
invention obtained in Example 1 hereinafter and He amino add sequence deduced from the nucleotide seouence 
ih« nrtif ^ graph illustratioB hydrophobic plotting ol the human 6i,roteln coupled receptor protein (sh^ form) of 

K k!?- 7^^^ ^"'^"^ *^ °" "8- ^- "^^ part* represented by 1 to 7 are 

hydrophobic domains. ' 

Fig. 3 is a nucleotide sequence encoding the human G-protein coupled receptor protein (long form) of the present 
invention obtaned in Example 1 hereinafter and He amino acid sequence deduced from the nucleotide sequence 

Rg. 4 IS a graph dlustraling hydrophobic plotting of the human G-protein coupled receptor protein (lona form) of 
the present invention prepared based on the amino acid sequence of Fig. 1. The parts represented by 1 to 7 are 
hydrophobic domains. j > <.v > aiv 

Fig. 5 inustratee the results of northan hybridization for examhing expression levels of mRNA encoding the human 
G-protein coupled receptor protein of the present invention in various human tissues. The value (1*) reoresents the 
»« size ct the RNA moleeular weigM marker. * ' represents tne 

SUMMARY OF THE INVENTION 

As a result of an intensive study, the present inventors have succeeded in isolation of cDNAs encoding two kbxls 
of G-protein coupled receptor proteins derived from human felal brain and human adult brain based on two kinds of 
pubftcy available EST Infonnatfon registered with a data base whoea functions are unknown, and have succeeded " 
anaiyws of the entire nucleotWe sequences. When their ammoacidsequences have been deduced from the nucleotide 
sequences, the tiist to the seventh transmembrane domains have been confirmed on hydrophobic plottng TTius the 
proteine encoded by these cDNAs have been confirmed to be 7-transmsmbiane type G-protein coupled rweptor 'pro- 
teins. The present invention has been completed based on these findings. 
That is, according to the present Invention, there are provkled: 

(1) A Q-protem coupled receptor protein which comprises the same orsubstantianythe same amino acM sequence 
as that represented by SEQ ID NO: 1 , or its sat; ' ^ 

(2) The G-protein coupled receptor protein of the above (1J which comprisBs the same or substantially the same 
amino and sequence as that represented by SEQ ID NO: 2, or Its salt; 

(3) A partial peptide ol the G-protein coupled receptor protein of the above (1 ) or fts salt 

JSlSi SS'^b^(!v^*"''' " ""^^^^ sequence encoding the G-^roteh coupled receptor 

(5) The Isolated DNA of the above (4) having the nucleotide sequence represented by SEQ ID NO- 3- 

(6) The isolated DNA of the above (4) having the nucleotide sequence represented by SEQ ID No' 4- 

(7) A recombinant vector ccmprislng the DNA ol the above (4); ' ' 
(B) A transformant comprising tlie recombinant vector of the above (7)- 

iuhi^I!!?^ I" ^'^'^ the Q-proteh coupled receptor protein of the above (1) or Its saR whteh comprises 
cultivating the transtbrniant of the above (8) to fonn the G-pioteIn coupled receptor protein- 

(10) A method for detemruning a ligand to the G-protein coupled receptor protefri of the abo^e (1 ) or its salt which 
compnses brfrigJng the G-protein coupled receptor protein of the above (1) or its salt or the partial peptide of the 
above (3) or tts salt into contact with a test compbund; h > ™ pepiwe oi me 

(11) Arnethod for screeningfor compounds whki. alter binding olangand to the Gi^^^ 

Of the above (1) or Its salt, or their salts which comprises comparing (Q ligand binding upon bringkig the Oprolein 
^^-^t °! or Its salt or the partial peptide of the above (3) or Its ^It into contact 

with the ligand. and (ii) that upon bringing the Q-protein coupled receptor protein of the above (1 ) or its salt or the 
partial peptide of the above (3) or Its salt into contact with the ligand and a test compound 

(12) A kit for screening for compounds which alter binding of a ligand to the G-protein cou|^led receptor protein of 
the above (1) or its salt, or their salts which comprises as an essential component the G-protein coupled receptor 
protein of the above (1 ) or its salt or the partial peptide ol the above (3) or its salt; 

(13) The conripounds which alter ligand binding to the G-protein coupled receptor protein of the above (1) or its 
salt obtained by the screening method of the above (11 ) or the kit of the above (1 2), or their salts and 

S ^e^'rS'cJfs s?r '"""'''^ °' P^^'^' 

More specificatly, the present inventbn provkies: 
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(15) The Q-protein coupled receptor protein of the above (1) or its salt, wherein the protein comprises the amino 
acid sequence represented by SEQ ID NO: 1. a variant of the amino acid sequence represented by SEQ ID NO 

1 having a deletion of one or more, preferat>ly about 1 to about 30. more pref erabV about 1 to about 1 0 amino 
acKte. a variant of the amino acid sequence represented by SEQ ID NO: 1 having an addition of one or more 
preferably about 1 to about 30. more preferably about 1 to about 10 amino acids, or a variant of the amino acid 
sequence represented by SEQ ID NO: 1 havingasubslltutlonof one or more, preferably about 1 to about 30 more 
preferably about 1 lo about 1 0 amino acids; 

(16) The G-protein coupled receptor protein of the above (2) or its salt, wherein the protein comprises the amino 
acid sequence represented by SEQ ID Na 2, a variant of the amino acid sequence represented by SEQ ID NO- 

2 having a deletion of one or more, preferably about 1 to about 30. more preferably about 1 to about 10 amino 
acids, a vanant of the amino acid sequence represented by SEQ ID NO: 2 having an addition of one or more 
preferably about 1 to about 30, nnore preferably about 1 to about 10 amino acids, or a variant of the amino acid 
sequence represented by SEQ ID NO: 2 having a substitution of one or nDore, preferably about 1 to about 30 more 
preferably about 1 to about 1 0 amino acids; 

(17) The method for determining a llgand of the above (10). wherein the Sgand is angiotensin, bombesin cannab- 
Inoid, cholecyslokinin. glutamlne. serotonin, melatonin, neuropeptide Y. opioid, purine, vasopressin, oxytocin PAC- 
AP, secretin, glucagon, calcitonin, adrenomedullin. somatostatin, GHRH. CRF. ACTH. GRP. PTH VIP (vasoactive 
Intestinal and related polypeptides), dopamine, motilh. amylin. bradykJnln, CGRP (calcHonin gene related pro- 
tems), leukotriene. pancreastacin. prostaglandin, thromboxane, adenosine, adrenalin, a or B-chemoklne f e a IL- 
L^^^ ENA-7S. PF4. IP10. GCP-2. MCP-l. HC14. MCP-3. 1-309. MlP-la. Mlp'lB 
RANTES. etc.). endothelh, enterogaslrin. histamine, neurotensin. TRH. pancreatic polypeptides or gallamlne- 
(IB)Amethodforficreenlngfor compounds whfchaner binding ofaRgand to the Gi)rotel^ 

or Its salt of the above (1), or their salts which comprises labeHng the ligand. and measuring and comparino (i) an 
amount of the labeled ligand bound to the G-prolein coupled receptor protein of the above (1) or Its satt or the 
partial peptide of the above (3) or Its salt upon bringing the protein of the above (1 ). the partial peptide ot the above 
(3) or a salt thereof into contact with the labeled ligand. and (ii) that upon bringing the protein of the above (1 ) the 
partial peptide of the above (3) or a salt thereof into contact with the labeled ligand and a test compound- 
(1 9) A rnethod for screening for compounds whteh alter binding of a ligand to the G^jrotein coupled recepto^ protein 
of the above (1 ) or its salt, or their salts which comprises labeling the ligand. and measuring and comparing (i) an 
amount of the labeled ligand bound to ceils containing the G^srotein coupled receptor protein of the above (1) 
upon bringing the labeled Dgand into contact with the cells with (ii) that upon bringing the labeled ligand and a test 
compound Into contact vrtth the cells; ^ madiesx 

PO) A methodforscreening for compounds whfch alter binding of a ligand to the Giiroteki coupled receptor protein 
of the above (l) or its salt, or their salts which comprises labeling the ligand. and measuring and comparing (D an 
amount of the labeled ligand bound to a membrane fraction of cells containing the G-protebi coupled receptor 
protein of the above (1 ) upon bringrig the ^eled ligand into contact with the cell membrane f ractk>n and (ii) that 
upon bringing the labeled ligand and a test compound Into contact with the cell membrane fraction- ' 

(21 ) A method for screening for compounds which alter binding of a ligand to the G-proteIn coupled receptor protein 
of the above (1 ) or lis salt, or their salts which comprisee labefing the ligand. and measuring and comparing fi) an 
amount of the labeled ligand bound to the G^rotein coupled receptor protein expressed on the cell membrane of 
Ute transformant of the above (8) by cultivating the transfonmant upon bringing the labeled ligand mto contact with 
me expressed G.protein coupled receptor protein, and (ii) that upon bringing the labeled liga^ 

into contact with the expressed G-protein coupled receptor protein; 

(22) A method for screening for compounds which alter binding. ol a ligand to the 6-proleIn coupled receptor protein 
of the above (1) or Its salt, or their salts which comprises measuring and comparing (i) a cell stimulation activity 
mediated by the Q-protein coupled receptor protein upon bringing a compound which activates the G-prolein cou- 
pled receptor protein of the above (1) or its salt into contact with cells containing the G-protein coupled receptor 
protein of the above (1 ). and (ii) that upon bringing the compound whksh activates the Q-protein coupled receptor 
protein or its salt and a test compound into contact with the cells; 

(23) A method for screening for compounds which alter binding of a ligand to the G-protein coupled receptor protein 
of the above (1 ) or its salt, or their salts which comprises measuring and comparhg (i) a ceO stimulation activity 
mediated by the G^protein coupled receptor protein upon bringing a compound which activates the G-protein cou- 
pled receptor protein of the above (1 ) or its salt into contact with the G-protein coupled receptor prote'm expressed 
on the cell membrane of the transformant of the above (8) by cuftivatlng the transformant. and (ii) that upon bringing 
the compound which activates the G-protein coupled receptor protein or its salt and a test compound Intocontact 
with the 6-protein coupled receptor protein expressed on the ceil membrane; 

(24) The method for screening of the above (22) or (23). wherein the compi)und which activates the G-pro\em 
coupled receptor protein of the above (1) is angiotensin, bombesin, cannabinoid. cholecystokinin glutamkie se- 
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rotcxim, melatonin. neuropeptidB Y. opioid, purine, vasopressin, oxytocin. PACAP. secretin, glucagon, calcllonin, 
adrenomedullki. somatostatin, GHRH. CRF. ACTH. GRP. PTH. VIP (vasoactive intestinal and related polypep- 
tides), dopamine, molilln, amylin, bradykinin, CGRP (calcitonh gene related proteins), leukotriene. pancreastactn, 
prostaglandin, thromboxane, adenosine, adrenalin, a or p-chenrxjkine (e.g., IL-B. QROa, GROP. GROy. NAP-2. 
6 EUA-IB, PF4. IP10. GCP-2. MCP-1, HC14, MCP-3, 1-309. MIP-lo, MIP-lp, RANTES, etc.), endothelin, entero- 

gastrin. histamine, neurotensin, TRH. pancreatic polypeptides or gallamlne; 

(25) Compounds which alter binding of a ligand to the 6-proleln coupled receptor protein of the above (1) or Its 
salt obtained In any one of the method of screening of the above (11) and (1 B) or (24), or their sails; 

(26) A phannacoutical composition comprising the compound of Ihe above (25) or Hs salt; 

10 (27) The screening kit ol the above (1 2) composing cells containing the G-prolein coupled receptor protein of the 

above (1); 

(28) The screening kit of the above (12) comprising a membrane fraction of cells containing the G-protein coupled 
receptor protein of the above (1); 

(29) The compound which alter Hgand bbding to the G-protein coupled receptor protein cl the above (1) or Its sail 
IS obtained by using the screening kit of the above (12). (27) or (28), or Its salt; 

(30) A phamiBceutical composition comprising the compound of the above (29) or its salt; and 

(31) A method for determining the G-protein coupled receptor protein of the above (1), or Its salt or the partial 
peptide of the above (3) or its salt which comprises bringing the antibody of the above (14) into contact with the 
G-prolBin coupled receptor protein of the above (1 ), the partial peptide of the above (3) or a sail thereof. 
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DETAILED DESCRIPTION OF THE INVENTION 



The G-prolein coupled receptor protein of the present Invention (hereinafter sometimes abbreviated to 'receptor 
protein') is Ihe receptor protein vAiich has the same or substantially the same amino acid sequence as that represented 
SB . by SEQ ID NO: 1 (Fig. 1) and K may be the receptor protein having the same or eubstantiaWy the same amino acid 
sequence as that represented by SEQ ID NO: 2 (Fig. 3). The amino ackJ sequence of SEQ ID NO: 2 is a variant of the 
amino acid sequence represented by SEQ ID NO: 1 having an addition of 61 amino acids at the N-termiruil end of SEQ 
IDNO:1. 

The receptor protein of the present invention may be any peptide derived from any colls of a human being and 
30 another mammal (e.g.. guinea pig. rat. mouse, chicken, rabbit, pig. sheep, cattle, monkey, etc.), for example, splenic 
cell, nerve cell, glla cell, p cell of pancreas, man^ow cell, mssangial cell, ijuigerhans' cell, epkiermic cell, epitheiat cell, 
endothelial cell, fibroblast, fibrocyte, muscular cell, fat cell, immunocyte (e.g.. macrophage. T cell, B cell, natural killer 
cell, mast cell, neutrophil, basophil, eosinophilic leukocyte, monocyte, etc.), megakaryocyte, synovial cell, chondrocyte, 
osteocyte, osteoblast, osteoclast, mammary gland cell, hepatocyte, or interstitial cells or precursor cells, stem cells or 
35 cancer ceBs thereof ar^d the like; and any tissues containmg such cells, for example, brain, various parts of brain (e. 
g., olfactory bulb, amygdala, cerebral basal ganglia, hippocampus, thalamus, hypothalamus, subslhanlamic nucleus, 
cerebral cortex, medulla, cerebellum, occlpltarpole. frontal lobe, putamen, caudate nucleus, corpus cadosum, sub- 
stantia nigra), spinal cord, pituitary, stonr^ch. pancreas, kidney, fiver, genital organs, thyroid gland, gallbladder, bone 
marrow, adrenal gland, skin, muscle, lung, digestive tract, bloodvessel, heart thymus, spleen, submandibular gland. 
40 peripheral bkxxi, peripheral blood leukocyte, intestinal tract, prostate, testtele, testis, ovarium, placenta, uterus, bone, 
joint, small intestine, large intestine, skeletal muscle and the like, in partculai; brain and various parts of brain. And. 
the peptide may be a synthetk: one. 

The wording nhe same or substantially the eame as the amino ackJ sequence as that represented by SEQ ID NO: 
1 or SEQ ID NO: 2* Includes any protein whfch has at least about 70% homotogy, preferably at least about 80% 
45 homokDgy. more preferably at least about 90% homotogy to the amino acid sequence represented by SEQ ID HOr. 1 
or SEQ ID NO: 2 and having substantially the same acttvfty as that of the receptor protein comprising the amino acd 
sequence represented by SEQ ID NO: 1 or SEQ ID NO: 2. 

Examples of substantially the same activity nclude ligand binding activity, signal infomnation transmission activity 
and the like. The vwjrding •substantially the same* means that the natures of their activities are equal to one anothec 
• 50 Therefore, quantitative factors such as degrees of ligand binding activity and signal inf omiation transmission activity 
may differ from one arK»ther. 

Further, the receptor protein of the present invention may be a protein corpprising a variant of the amino ackJ 
sequence represented by SEQ ID NO: 2 having a deletfon of one or more, preferably about 1 to about 30. more 
preferably about 1 to about 10 amino acids, a variant of the amino acid sequence represented by SEQ ID Na 2 having 
55 an addition of one or more, preferably about 1 to about 30. more preferably about 1 to about 10 amino acids, or a 
variant ot the amino acid sequence represented by SEQ ID NO: 2 having a substitution of one or more, preferably 
about 1 to about 30, more preferably at>out 1 to at>out 10 amino acids. 

I^ore specifically, the receptor protein of the present invention includes, for example, the receptor protein compris- 
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ing the amino acid sequence represented by SEQ ID: NO 1 derived from a human brain, or the 6-protein coupled 
receptor protein comprising the amino acid sequence represented by SEQ ID: NO 2 derived from a human brain. 

Furthermore, examples of the receptor protein of the present invention include variants of the above receptor 
protein, wherein the amino group of the N-terminal methionine residue of the above receptor protein is protected with 

s a protecting group (e.g. . acyl group having 1 to 6 carbon atoms such as formyl group, acetyl group, etc.); the N4erminal 
region of the above receptor protein is cleaved in a living body and the glutamyl group formed is pyroglutaminated; or 
a eubstituent (e.g., -OH, -COOH. amino group, imidazole group, indole group, guanidino group, etc.) on the side chain 
of an amino acid in the molecule of the alx>ve receptor protein is protected with a suitable protecting group (e.g.. acyl 
group having 1 to 6 cart>on atoms such as formyl group, acetyl group, etc.), or conjugated proteris of the above receptor 

10 protein such as glycoproteins having sugar chains. 

The receptor protein of the present Irwention is represented by a conventional manner in peptide art That la, the 
teft hand end (amino terminal) is the N4erminal and the right hand end (cartK>xy I terminal) is the C4erminal. And, in 
the receptor protein of the present invention, a representative example thereof being the receptor protein comprising 
the amino acid sequence represented by SEQ ID NO: 1 or SEQ ID NO: 2, normally, the C-termlnal is carboxyl group 

IS (-COOH) or carboxylate (-COO"), but the C-lerminal may be the amide (*CONH2) or an ester (-COOR). Examples of 
R ot the ester group include an alkyi group having 1 to 6 carbon atoms such as methyl, ethyl, n-propyl. isopropyl, n* 
butyl, etc., a cycioalkyi group having 3 to B carbon atoms such as cyclopentyl, cyclohexyl, etc., an aryl group having 
6 to 12 carbon atoms such as phenyl, a-naphthyl, etc., an aralkyi having 7 to 14 carbon atoms such as a phenyl-C^.g 
alkyI group (e.g.. benzyl, phenethyl, etc.), an a-naphthyl-C,.2 alkyI group (e.g., a-naphthylmethyl, etc.) and the like. In 

^ addltkyi. pivatoyloxymethyt ester or the (ike which is used widely as an ester for oral admintstratk^ can also be used. 

When the receptor protein of the present invention has a carboxyl group (or carlxsxylate) at a posftk)n other than 
the C-terminal. it may be amklated or ester^ied and such amide or ester is also included In the scope of the receptor 
protein of the present invention. The ester group may be the same group as that described with reepect to the above 
C-termir»i. 

2S As the salt of the receptor protein of the present invention, in particular, a physiobgically acceptable acki addrtk>n 

salt is preferred. Examples of the salt include those whh inorganic ackis (e.g., hydrochloric acki, phosphoric acid, 
hydrobromic acid, sulfurk: ackl, etc.) and those with organk: ackjs (e.g., acetk: ackJ. formic acid, propbnlc acid, fumark: 
acid, maleic ackf, succink: actd, tartaric acid, citric acid, malic acki. oxalb acid, benzoic acid, methanesutfonk: acid, 
benznesulfonk; acid. etc.). 

30 The receptor protein or its salt of the present Invention can be prepared from the ak)Ove-described cells and tissues 

of a human being or another mammal by a per se known purifkratton nr>ethod of proteins. Allemativelyi the receptor 
protein or Its salt of the present Invention can be prepared by cultivating a transf ormant containing DNA encoding the 
receptor protein of the present Invention or according to a peptkle synthesis method as described hereinafter. 

When It is produced from cells or tissues of a human being or another mammal, the cells or tissuee are homogenized 

9S and then extracted with, for example, an acid. The extract can be purified and isolated by combining chromatographies 
such as reverse phase chromatography, ion exchange chromatography and the like. 

As the partial peptkie of the receptor protein (hereinafter sometimes abbreviated to 'partial peptide*) of the present 
invention, for example, a part of the receptor protein molecule of the present invention which is exposed to outskie of 
a cell membrane or the like can be used. Specifically, the partial peptkie of the receptor protein having the amino ackf 

40 sequence represented by SEQ 10 NO: 1 is a peptide containing the parts which have been analyzed to be extracellular 
domains (hydrophilk: domains) in the hydrophobk: pkmkig analysis as shown by Fig. 2. The partial peptkle of the 
receptor protein having the amino achJ sequence represented by SEQ ID NO: 2 is that containing the parts whkrh have 
been analyzed to be extracellular domains (hydrophllic domains) in the hydrophobk; plotting analysis as shown by Fig. 
4. A peptide containing a hydrophobic domain part can be similarly used. In addition, the peptide may contain each 

^ domain separately or plural domains together. 

Examples of the partial peptide include those having the amino acid sequences of the 78th to 1 30th amino ackjs. 
the 1 93rd to 204th amino acids, the 274th to the 307th amino ackis, and the 387th to 398th amino acids of the amino 
ackJ sequence represented by SEQ ID NO: 1 as well as those having the amino ackj sequences of the 1 39ih to 1 91 st 
amino acids, the 254th to 265th amino adds, the 335th to 368th and the 448th to 459th amino acids of the amino acid 

so sequence represented by SEQ ID NO: 2. 

Further, the partial peptide of the receptor protein ot the present Invention include variants of the above partial 
peptide, wherein the amino group ot N-terminai methionine residue of the above receptor protein is protected with a 
protecting group {e.g., acyl group having 1 to 6 carbon atoms such as formyl group, acetyl group, etc.); the N-terminal 
region of the above receptor protein is cleaved in a living body and the glutamyl group formed Is pyroglutaminated; or 

55 a substituent (e.g.. -OH, -COOH, amino group, imkiazole group, kidole group, guanidino group, etc.) on the sWe chain 
of an amino acid in the molecule of the above receptor protein is protected with a suitable protecting group (e.g., acyl 
group having 1 to 6 carbon atoms such as fonmyl group, acetyl group, etc.). or conjugated peptides of the above partial 
peptide such as glycopeptides having sugar chains. 
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Nonnally. the C-termlnat of the partial peptide of the present invention ie a caiboxyt group (-COOH) or carfooxylate 
(-COO) and, like the receptor protein of the present Invention, the C-tenminal may be the amkJe or ester. When the 
partial peptide of the present invention has a carboxyl group (or cart)Oxylate) at a position other than the C-terminal, 
i1 may be amidated or esterified ar>d such amide or ester is also include in the scope of the partial peptide of the present 
6 invention. The ester group may be the same group as that described with respect to the above C-terminal of the receptor 
protein. 

As the salt of the partial peptide of the present invention, in particular, a physiologically acceptable acid addition 
88ft is preferred. Examples of the salt include those with inorganic acids (e.g., hydrochloric acid» phosphoric acid, 
hydrobromic acid, sulfuric acid, etc.) and those with organic acids (e.g., acetic acid, formic acid, propionic acid, f umaric 
10 acid, maleic acid, succinic acid, tartaric acid, citric acid, malic acid, oxalic acid, benzoic acid, methanesulfonic acid, 
benznesutfonic acid, etc.). 

The partial peptide or Its sat! of the present invention can be prepared according to a per se Icnown peptide synthesis 
method or by cleaving the receptor protein of the present invention wfth a suitable peptidase. 

As the peptide synthesis method, for example, any of solid phase synthesis and liquid phase synthesis can be 

IS employed. That is. the objective peptide can be produced by condensing a partial peptide or amino acid sequence 
which can compose of the partial peptide of the present invention with the remaining part and deprotecting a protecting 
group, if any. Conventional condensing rr>ethods st\6 deprotecting methods. can be employed ar>d they are described 
by, for example. M. Bodanezky and M.A. OndettI, Peptide Synthesis, Intersclence Publishers, New York (1966); 
Schroeder and Luebke, The Peptkie, Academic Press, New Vbrk (1965); Nobuo Izumi et aL, Fundamental and Exper- 

20 Iment of Peptide Synthesis. Maruzen (1975); HaruakI Yazima and Syunpel Skekibara. Bkxshemistry Experiment Lec- 
ture, Protein Chemistry IV, 205 (1977); Haruaki Yazima, Second Series Drug Devebpment Vol. 14, Peptide Synthesis, 
Hirokawa Shoten. 

After completion of the reaction, the partial peptbe of the present invention can be purified and isolated by com* 
bining conventional purification methods such as solvent extract»n, distillation, column chromatography, fiqukl chro- 

2S matography, recrystallization and the like. In case the partial peptide thus obtained is a free peptide. It can be converted 
into its appropriate salt according a known method. On the other hand, the peptkle obtained is in the form a salt, it 
can be converted Into the corresponding free peptide. 

The DNA encoding the receptor protein of the present invention may be any DNA In so far as contains the 
nucleotkfe sequence encoding the above-described receptor protein of the present inventk>n. The DNA may be any 

30 of genomk; DNA. genome DNA fibiary, cDNA derived from the above-described cells and tissues, cDNA library derived 
from the above^iescribed cells and tissues and synthetk: DNA. Tlie vector to be used for the library may be any of 
bacterk>phage. plasmki, cosmid, phagemkj and the like. In eddltk^n, the DNA can be amplified by reverse transcriptase 
polymerase chain reaction (hereinafter abbreviated to RT-PCR) with a mRNA fractbn prepared from the above-de- 
scribed cells arid tissues. 

3S Specifically, the DNA er>coding the receptor protein having the same or sutsstantiEdly the same amino acid sequence 

represented by SEO ID NO: 1 of the present Inventbn may be, for mample. DNA having the nucleotide sequence 
represented by SEQ ID NO: 3 or any DNA having a nucleotide sequence hybrtdizable to the nucleotide sequence 
represented by SEQ ID NO: 3 under high stringent condttkx)s and encocfing a receptor protein whx:h has the same 
activities, i.e., ligand bindin g activity, si^al information transmission activity and the like as those of the receptor protein 
40 peptide having the amino acid sequence represented by SEQ ID NO: 1. Examples of the hybrUizable DNA include 
DNA having at least about 70% to about 80% homology, preferably, at least about 90% homok>gy, more preferably, at 
least about 95% homology to the nucleotkie sequer^e represented by SEQ ID NO: 3. 

More specifically, as the DNA encoding the receptor protein containing the amino ackJ sequence represented by 
SEQ ID NO: 1. the DNA having the nucleotkie sequence represented by SEQ ID NO. 3 or the like can be used. 
^ The DNA erKxxitng the receptor protein having the same or substantially the same amino ackf sequence repre- 

sented by SEQ ID NO: 2 of the present invention nr^y be, for example, DNA having the nucleotide sequence represented 
by SEQ ID NO: 4 or any DNA having a nucleotide sequence hybridizabie to the nucleotkie sequence represented by 
SEQ ID NO: 4 under high stringent conditions and encoding a receptor protein whfch has the same activities, i.e.. 
ligand binding activity, signal Information transmission activity and the like as those of the receptor protein peptide 
* so having the amino acid sequence represented by SEQ ID NO: 2. Examples of the hybrkiizable DNA include DNA having 
at least about 70% to about 80% homok>gy. preferably, at least about 90% homology, more preferably, at least about 
95% homology to the nucleotide sequence represented by SEQ ID NO: 4. 

More specifically, as the DNA encoding the receptor protein containing the amino acid sequence represented by 
SEQ ID NO: 2, the DNA having the nucleotide sequence represented by SEQ ID NO: 4 or the like can be used. The 
ss nucleotkie sequence represented by SEQ ID NO: 4 is a variant of the nucleotide sequence of SEQ ID NO: 3 having 
an addition of 183 bases at Its 5'-terminal. 

HybrMization can be carried out by a per se known method or Ks modification, for exarnpte. under high stringent 
conditions. 
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The high stringent conditions used herein are, tor example, those of sodium concentration at about 1 9 mM to about 
40 mM. preferably about 19 mM to about 20 mM and a temperature at about SCTC to about 70*C, preferably about 
60*C to about 65»C, In particular, hybridization conditions of sodium concentration at about 19 mM and a temperature 
at about BS^'C are most preferred. 

5 The DNA encoding the partial peptide of the present invention may be any DNA in so far as it contains the nucleotide 

sequence encoding the above-described partial peptide of the present invention. The DNA may be any of genomic 
DNA, genomic DNA library, cDNA derived from the above-described cells and tissues, cDNA fibrary derived from the 
above-described cells and tissues and synthetic DNA. The vector to be used for the library may be any ot bacteriophage, 
plasmid. cosmid. phagomld and the like. In addition, the DNA can be amplified by reverse transcriptase polymerase 

70 chain reaction (hereinafter abbreviated to FTT-PCR) with a mRNA fraction prepared from the above -described cells and 
tissues. 

Specifically, the DNA encoding the partial peptide of the receptor protein having the same or subslant'elly the same 
amino acid sequence represented by SEQ ID NO: 1 of the present invention may be, lor example. DNA having the 
nucleotide sequence represented by SEQ ID NO: 3 or any DNA having a nudeolide sequence hybridizable to the 

IS nucleotide sequence represented by SEQ ID NO: 3 under high stringent conditions and encoding a receptor protein 
which has the same activities, i.e.. ligand binding aclrvity, signal kiformation transmission activity and the like as those 
of the receptor protein peptide having the amino acid sequence represented by SEQ ID NO: 1. Examples of the hy- 
bridizable DNA Include DNA having at least about 70% to about 80% homology, preferably, at least about 90% homol- 
ogy, more preferably, at least about 95% homology to the nucleotide sequence represented by SEQ ID NO: 3. 

so For example, as the DNA encoding the partial peptide of the receptor protein containing the amino ackj sequence 

represented by SEQ ID NO: 1, the DNA having the nucleotWe sequence represented by SEQ ID isJO: 3 or the Uke can 
be used. More specifically, as the DNA encoding the partial peptide having the amino acid sequerwes of the 78th to 
130th amino acids, the 193rd to 204th amino acids, the 274th to the 307th amino acids or the 387th to 398th amino 
acids o1 the amino acid sequence represented by SEQ ID NO: 1 . the DNA having the nucleotkJe sequence ot the 232nd 

ss to 390th bases, the 577th to 61 2th bases, the 820th to 921st bases or the 1159lh to 1194th bases of the nucleotide 
sequertce represented by SEQ ID NO: 3 can be used. 

The DNA encoding the partial peptkJe of the receptor proten having the same or substantially the same amino 
acid sequence represented by SEQ ID NO: 2 of the present invention may be, for example. DNA having the nucleotide 
sequence represented by SEQ ID NO: 4 or any DNA having a nucleotide sequence hybridizable to the nucleotide 

so sequence represented by SEQ ID NO: 4 under high stringent conditiorts and encoding a receptor protein which has 
the same activities, i.e., ligand binding activity, signal infonmation transmission activity and the like as those of the 
receptor protein peptide having the amino acid sequence represented by SEQ ID NO: 2. Examples of the hybrkJizable 
DNA Include DNA having at least at>out 70% to about 80% homology, preferably, at least about 90% homok>gy. wore 
preferably, at least about 95% homology to the nucleotide sequence represented by SEQ ID NO: 4. 

S5 For example, as the DNA encoding the partial peptide of the receptor protein containing the amino acki sequence 

represented by SEQ ID NO: 2. the DNA havbng the nucleotide sequence represented by SEQ ID NO: 4 or the tike can 
be used. More specificaDy. as the DNA encoding the partial peptide having the amino acid sequences of the 139th to 
191th amino acids, the 254th to 265th ammo acids, the 335th to the Sesth amino acids or the 448th to 459th amino 
acids of the amino acid sequence represented by SEQ ID Na 2, the DNA having the nucleotide sequence of the 41 5th 

40 to 573rd bases, the 760th to 795th bases, the 1003rd to 1104th bases or the .1342nd to 1377th bases of the nucleotide 
sequence represented by SEQ ID NO: 4 can be used. 

Hybrkiizatlon can be carried out by a per se known niethod or its modifbation. for example, under high stringent 
condltk^s. 

As described above, the high stringent conditkxis used herein are. for example, those of sodium concentration at 
45 about 19 mM to about 40 mM. preferably about 1 9 mM to about 20 mM, and a temperature at about 50*C to about 
70'*C, preferably about 60^C to about 65"C. In particular, hybridizatkm conditions of sodium concentiatk>n at about 19 
mM and a temperature at about 65*C are most preferred. 

As the mearw fore toning the DNA encoding the entire receptor protein of the present invention, there is amplification 
by PGR using eynthetlc DNA primers containing partial nucleotide sequences of the receptor protein of the present 
so Invention. Alternatively. DNA integrated into a suitable vector is selected by hybridization with labeled DNA fragment 
or a synthetic DNA encoding a part or entire region of the receptor protein of the present invention. The hybridization 
is carried out. tor example, according to the method described in Molecular Cloning 2nd Ed.; J. Samrook et al.. Cold 
Spring Harber Lab. Press, (1 989). Acommercially available library can t>e used according to the direction of the attached 
manufacurer*s protocol. 

ss Conversion of the nucleotide sequence of DNA can be carried out according lo a per se known method such as 

Gupped douplex method or Kunkel method or its modification by using a known kit. Mutan^"-G of Mutan'"-K (both 
Takara Shuzo Co., Ltd.. TM represents trademark). The nucleotide sequence represented by SEQ ID NO: 1 can be 
produced by deleting 183 based from the SMermmal ot the nucleotide sequence represented by SEQ ID NO: 2. 
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The ctoned DNA encoding the receptor protein can be used as such according to a particular purpose. Alternatively 
if desired it can be used after digestion with one or more restriction enzymes or a Tinker can be added. The DNA may 
have the codon. ATG, as a translatton initiation codon at is 5* terminal side and the codon. TAA, TGA or TAG as a 
translation termination codon at rts 3' terminal side. These translation inftiatioh and termination codons can be added 
by using a suitable synthetic DNA adapter. . , v ^• 

The expression vector of the receptor protein of the present Invention can be prepared, lor example, by (a) cutting 
cut the desired DNA fragment from the DNA encoding the receptor protein of the present invention and (b) pining the 
DNA Iraoment to a smtaWo expression vector at the downstream from a promoter m the vector. 

Examples of the vector include plasmids derived fom» E. csfi (e.g.. pBR322. pBR325. pUC12. pUC13). plasmids 
derived from BaciHus subtilis (e.g.. pUBHO. pTPS. pC194). plasmids derived Irom yeast (e.g.. pSHl9. pSH15) bac- 
teriophages such as Xphage, etc.. animal viruses such as retrovirus, vacdnla virus, bacutovirus. elc. as weB as pA1-11. 
pXTI.pFtayCMV.pRcmSV.pcDNAI/Neo.etc. - . w ...i. ;« u 

The promoter used In the present invention may be any promoter in so far as it matches with a host to be used for 
qene expression In case ol using animal cells as the host, examples of the promoter include SFkx promoter. SV40 
promoter LTR promoter. CMV promoter. HSV-TK promoter, etc. Among them. CMV promoter or SFta promoter is 
preferred' In case of using bacteria of the genus EschericNa as the host, preferred examples ot the promoter include 
trp promoter, lac promoter. recA promoter. XP^ promoter. Ipp promober. etc. In case of using bacteria of the geiius 
Bacillus as the host, preferably. STO1 promoter. SP02 promoter. penP promoter, etc. can be used. In case of usbig 
yeast as the host, preferred examples of the promoter include PH05 promoter. PGK promoter. GAP promoter. ADH 
so promoter, ete. inca8eoluslriglnseclcell8a8ihehost.pr6ferTedexamplesol1hepromo1erlncludepolyhednnpronr>pte( 

''^°£'Sdlttoi»*o the abwe. optionally. tf»e expression vector may further contains enhancer, splicing signal, poly A 
addition signal, selectionmarker. SV40 replication origin (hereinafter sometinws abbreviated to SV40ori) etc. Examples 
of theselectlonrrort^er inclodedihydrololate reductase (hereinafter sometlrnesabbrevW^ 
2S (MT50 resistancel. ampicillin resistant gene (hereinafter sometimes abbrevialed to AmpO. neomycin resistant gene 
herenafter sometimes abbreviated to Neo. G41 B resistance), etc. In particular, when CHO (dhf r) cell is used together 
with DHFR gene as the selection marker, selection can also be carried out by using a thymidine free medium. 

If necesaaiy a si^l sequence which matches with a host is added to the N-terminal side of the receptor protein 
of the present Hwention. As the signal sequence, there may be mentjoned alkaline phosphatase signal sequence. 
a» OmpA signal sequence, etc. in case ol using bacteria ol the oenus Escherichia as the host; a-amylase signal sequence, 
subtllisin signal sequence, etc. h case of using bacteria ol the genus J^ciQus as the host; mating factor a signal 
sequence. Invertase signal sequence, etc. In case of using yeast as the host; insulin signal sequence, a-nterteion 
signal sequence, antibody molecule signal sequence, etcs. In case of using animal cells as the host, respectively 
The DNA encoding receptor protein of the present mvenHon thus constructed can be emptoyed to transform the 

^ *^^fa the ho3t, for o>amr»r. ""y "»«"«i»"ed t>acierla of the oenus Escherichia, bacterial cA the genus teciMus. 
yeaet insect celb.inBect8 and animal cells, etc. ^ ~ • 

Specific examples of bacteria ol the genus Escherichia include Escherichia coli K12 DH1 IProc. Natl. Acad. Set 
USATeO 160 (1 968)). Jlk«109 [Nucleic Acids Research. 9. 309 (1981)1. JA221 journal of Molecular Btology. 1M. 517 
40 (1 978yrHB1 01 [Journal of Molecular Biology. 41. 459 (1 969)1. C600 [Genetics. ^. 440 (1954)1, etc. 

Examples of bacteria of the oenus BacBlue Include BacMus subtilis MI114 [Gene. 24. 255 (1983)1. 207-21 [Journal 
of Biochemlslry. 95, 87 (1984)1, etc. „ . . 

Exarrmles of yeast include ft^ooarnm yces eerevfeeae AH22, AH22-, NA87-11A DKD-5D. 208-12. etc. 
Examples ol msect cells include R pr^tnra fiuoiperda cell (Sf cell), MG1 cell derived from mid-Intestine of Irt 
4S choplusia nl High Rve~ cell derived from egg of Trichoolusia ni. cells derived f rom Mamestra brassteae. cells derived 
froiriEsti^ena acrea. etc. tor the virus. AcNPV; and Bombvx inori N cell (BmN cell), etc. for the virus, BmNPV. As 
the SI cell, tor example. Sf9cell (ATCCCRL17ll)andSf21 celdescribedby Vaughn. J. L. in Vitro. 13. 213-217 (1977) 
c&n be used 

As the Insecl lor exarr^plo. a larva of Bombvx mon can be used [Maeda et al.. Nature. 315, 592 (1985)). 
so Examples of 'ar>lrral cells include monkey cell COS-7, Vero. Chinese hamster cell CHO. DHFR gene deficient 

Chinese hamster cell CHO (dhfr CHO cell), mouse L cell, mouse AtT-20. mouse myeloma cell, rat GH 3. hunnan FL 
cell etc 

' Transformation of bacteria of the genus Escherichia is carried out. for example, according to the method described 
in Proc NatL Acad. Sci. USA, 69. 2110 (1 972) or Gene. 17. 107 (19B2). 
55 Transformation of bacteria of the genus Bacillus Is carried out. for example, according to the method described in 

Molecular & General Genetics, J68. Ill (1979). ^ ^ . 

Transformation of yeast is carried out. for example, the method descrft>ed in Proc Natl. Acad. Sci. USA. 75. 1929 

(1978). 
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Transformation of insect cells oc insect » carried out, for example, according to the method described in Bio/ 
Technology. 6, 47-55(1 9B8). 

Transformation ol animal cells is carried out, for example, according to the method described in Virology, Sg, 456 
(1973). 

5 Thus, the transtormant transformed with the expression vector containing the DNA encoding the G-protein coupled 

receptor protein can be obtained. 

In case of the bacterial host of the genus Escherichia or Bacillus , the transtormant can be suitably cultivated in a 
liquid culture medium and materials required for growth of the transfomr)ant such as cartx>n sources, nitrogen sources, 
inorganic materials, etc. are added to the medium. Examples of the cartxsn sources include glucoee, dextrin, soluble 
10 starch, sucrose, etc. The nitrogen sources include, for example, inorganic or organic materials such as amnrKxiium 
salts, nitrate salts, com steep liquor, peptone, casein, meat extract, soybean meal, potato extract, etc. The Iriorganic 
materials include, for example, calcium chloride, sodium dihydrogen phosphate, magnesium chloride, etc. In addition, 
yeast, vitamins, growth promoting lectors etc. can b e added. Preferably, the medium is adjusted to pH about 5 to about 6. 
Pref erably» the nnedium for cultivating the bacteria of the genua Escherichia is, for example, M9 medium containing 
75 glucose and Casamino Acids (Miller, Journal of Experiments In Molecular Ger^etics, 431-433. Cold Spring Harbor 
Latx>rBtory. Now York, 1 972). If necessary, in order to act'nrate the promoter efficiently, lor example, an agent such as 
3p-indolyl acrylic acid can be added to the medium. 

In case of the bacterial host of the genus Escherichia , normally, the transtormant Is cultivated at about 15*C to 
about 43* C lor about 3 hours to at>out 24 hours: If necessary, the culture can be aerated or stirred. 
20 In case of the bacterial host of the genus Bacillus , normally, the transtormant is cultivated at about 30*C to about 

40*C for about 6 hours to about 24 hours. If necessary, the culture can be aerated or stirred. 

In case of the yeast host, the transformat Is cultivated in, lor example, Burkholder's minimal medium [Bostlan, K. 
L, et al. , Proc. Natl. Acad. Sci. USA. 77, 4505 (1 980) and SD medium containing 0.5% Casamino Acids [Bitter, G. A. 
Prpc. Natl. Acad. Sci. USA. B1 , 5330 (1 984)]. Preferably, the medium is adjusted to pH about 5 to about 8. Normally, 
25 the transtormant is cultivated at about 20^C to about 35*C for about 24 hours to about 72 hours. If necessary, the 
culture can be aemted or stirred. 

In case of the insect cell host or insect host, the transformat Is cultivated In, for example, Gace*s Insect Medium 
[Grace, T. C. C... Nature. 195. 788 (1962)] to which an appropriate addilive such as inactivated 10% bovine serum is 
added. Preferably, the medium is crusted to pH about 6.2 to about 6.4. Normally; the traneformant is cultivated at 
30 about 27''C tor about 3 days to atx>ut 5 days and, if necessary, the culture can be aerated or stirred. 

In case of the animal cell host, the transtormant is cultivated in, lor example, MEM medium containing alx>ut 5% 
to about 20% fetal bovine serum [Science, 122, 501 (1952)1 DMEM medium (Virology, 8. 396 81959)], RPMI 1B4Q 
medium [The Journal ot the American Medical Association, 199 . 51 9 (1 967)], 1 99 medium [Proceeding of the Society 
for the Biotogical Medicine, 73. 1 (1 950)]. etc. Preferably, the medium is adjusted to pH about 6 to about 8. Normally, 
3S the transtormant is cultivated at about 30^C to about 40''C for about 1 5 hours to about 60 hours and, It necessary, the 
. culture can be aerated or stirred. 

As described hereinabove, the G-protein coupled receptor protein of the present invention can be produced at the 
cell nDembrane of the transfonrant 

Separation and purification of the receptor protein of the present Invention from the above culture can be carried 
40 out, tor example, as follows. 

Extraction of the receptor protein of the present invention from the transtormant culture can be carried out by an 
appropriate known method. For example, after cultivation, the transtormant is recovered by a per se known method 
and suspended in a suitable bufler. Then, the transtormant is disrupted by a per se known method such as ultrasoni- 
cation, treatment with lysozyme and/or freeze-thaw cycling, followed by separating a crude extract of the receptor 
45 protein by centrifugation, filtration, etc. The buffer may contain a protein modifier such as urea, guanine hydrochloride 
■ or a surfactant such as Triton X-100™, etc. When the receptor protein Is secreted in the culture broth, after connpletkxi 
of culth^tk>n. its supernatant can be separated from the transtormant cells to collect the supernatant. 

Pu rification of the receptor protein contained In the culture supernatant thus obtained or the extract can be carried 
out by combining per se known separatbn and purification methods appropriately As the per se known separation 
so and purification inethods, there may be mentkjned a method utilizhg difference in solubilities such as salting out, 
solvent precipitation, etc.; a method mainly utilizing drfterence in molecular weights such as dialysis, ultrafiltratbn, gel 
filtratton, SDS-polyacrylamide gel electrophoresis, etc.; a method utilizing difference in electric charges such as ion 
exchange chromatography, etc.; a method utilizing difference in specific affinities such as affinity chromatography, etc.; 
a method utilizing difference in hydrophobic properties such as reverse phase high performance liqukJ chromatography 
ss etc.; a method utilizing ditterence in isoelectric points such as isoelectrc point electrophoresis: and the like. 

When the tree receptor protein is obtained, it can be converted into its salt by a per se known method or its mod- 
ification. On the other har>d, when the receptor protein is obtained in the form of a salt, it can be converted into the free 
receptor protein or a different salt by a per se known method or its modificat»n. 
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The receptor protein produced by the recombinant can be treated with an appropriate protein modifying enzyme 
prior to or after purification to appropriately modify the protein or to partially rerrwve a polypeptide. ExampleB of the 
protein modifying enzyme include trypsin, chymotrypsin, arginyl endopeptidase, protein kinase, glycosidase and the 
like. 

s The activity of thus-produced receptor protein or its salt of the present inventkxi can be detemnined by a binding 

test with a labeled llgand or an enzyme immunoaseay with a specific antibody.' 

The receptor protein, its partial peptide or their salts, and DNAs encoding them of the present Invention can be 
employed (a) in a method for determination of a ligand to the receptor protein of the present invention, (b) for obtaining 
ari antibody or an antiserum, (c) lor construction oH a expression system of the recombinant receptor protein, (d) for 
10 development of an receptor binding assay system and screening for candkfate compounds lor drugs using the expres- 
sion system, (e) lor practice of drug design based on comparison with structurally analogous ligands and receptors, 
(f) as reagents for preparation of probes to be used in gene diagnosis. PGR primers, etc.. (g) as drugs for gene proph- 
ylaxis and therapy, and the like. 

In particular, screenrig for agonists or antagonists to the G-protein coupled receptor protein which are specific to 
16 a human being and another mammal can be carried out by using a receptor binding assay system utilizing an expression 
system of the recombinant 6-prote In coupled receptor protein of the present Invention, and the agonists and antagonists 
can be used as prophylactic and therapeutk; drugs for varbus diseases. 

More specific description of the use of the receptor protein, its partial peptide or their salts, DNAs encoding the 
receptor protein or its partial peptide and antibody will be set forth bek)W. 

20 

(I) Detemiinatk>n method ol a ligand to the G-protein receptor protein 

The receptor protein of the present Invention or Its salt, or the partial prote^ or its salt of the present Inventkxi Is 
useful as a reagent for rivestigation or determination of a ligand to the receptor protein or its salt of the present invention. 

26 That is, the present invention provides a method for determmatkxi of a ligand to the receptor protein of the present 

invention comprieing bringing the receptor protein or its partial peptide of the present invention or a eatt thereof into 
contact with a test compound. 

Examples of the test compound include tissue extract, cell culture supernatant of a human being or another mam- 
mal (e.g., mouse, rat, pig. cattle, sheep, monkey, etc.), or the like, in addition to the above-described known ligands, 

30 such as angiotensin, bombesin, cannabirx^ki, cholacystokinln, gtutamine. serotonin, melatonin, neuropeptide Y, opk>id, 
purine, vasopressin, oxytocin, PACAP, secretin, glucagon, cateitonin, adrenomedullin, somatostatin. GHRH, CRF, 
ACTH, GRP. PTH, VIP (vasoactive intestinal and related polypeptides), dopamine, nrK>lilin. amylin. bradykkiin, CGRP . 
(cak:itonin gene related proteins), leukotriene. pancreastacin, prostaglandin, thromboxane, adenosine, adrenalin, a or 
p-chemokine (e.g.. IL-8, QRCXi, GROp, QROy, NAP-2, ENA-78, PF4. IP10, GCP-2, K/1CP-1, HC14, MCP-3. 1-309, MIP- 

35 la, MIP-ip, RANTES, etc.), ondothelin, enterogastrin. histamine, neurotensin, TRH, pancreatic polypeptides or 
gailamine. For example, the tissue extract or the cell culture supernatant is added to the receptor protein of the present 
inventkyi and the mixture is fractionated by measuring a cell etimulatkm activity, etc. to finally obtain a single ligand. 

Specifically, the llgand determination method of the present invention is carried out by using the receptor protein 
or its partial peptide of the present invention or a salt thereof, or l^y constructing an expression system of the recombinant 

40 receptor protein and using a receptor binding assay system utilizing the expression system to determine a compound 
(e.g., peptide, protein, non-peptlde compound, synthetic compound, fermentaton product, etc.) showing a cell stimu- 
lation activity (e.g., an activity to enhance or inhibit release of arachidonic acki. release of acetyl choline, release of 
intracellular Ca^-^, fonmatkxi of Intracellular cAMP, formation of intracellular cGMP, productk>n of inositol phosphate, • 
change of cell menlbrane potential, phospholytation of Intracellular protein. actlvatk>n of c4os, k^werlng of pH. etc.) 

^ upon binding to the receptor protein of the present inventkxi. 

The ligand determinatkxi method of the present inventkxi is characterized by measurement of. for example, an 
arrrount of a test compound bound to the receptor protein or the partial peptide or a cell stimulation activity upon bringing 
the receptor protein or the partial peptide into contact with the test compound. 
More specifically, the ligand determination method of the present inventkxi is: 

60 

(a) a method for detenminatk>n of a ligand to the receptor protein or its salt of the present invention which comprises 
labeling a test compound, and measuring an anKHint ol the labeled test compound kx>ur>d to the receptor protein, 
the partial peptide or their salts upon bringing the receptor protein, the partial peptide or their salts into contact 
with the labeled test compound; 

(b) a method for determir\ation ol a ligand to the receptor protein or its salt of the present invention whk:h comprises 
labeling a test compound, and measuring an amount of the labeled lest compound bound to cells containing the 
receptor protein or a membrane f ractkxi of the cells upon bringing the labeled test compound ^to contact with the 
cell or the cell mennbrane fraction; 
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(c) a method tor determhation of a ligand to the receptor protein which comprieee labeling a test compound, and 
measuring an amount dt the labeled test compound bound to the G-protein coupled receptor protein expressed 
on the cell membrane of a iransformant containing the DNA encoding the receptor protein of the present invention 
by cultivating the transformant upon bringing the labeled test compound Into contact with the expressed 6-protein 

s coupled receptor protein; 

(d) a method for determination of a ligand to the recepitor protein or its salt of the present invention which comprises 
measuring a cell stimulation activity (e.g.. an activity to enhance or inhibit release of arachidonic acid, release of 
acetyl choline, release of intracellular Ca^*. formation of intracellular cAMR formation of Intracellular cGMP, pro- 
duction of inositol phosphate, change of cell membrane potential, phosphotylatlon of jntracellular protein, activation 

10 of c-fos, lowering of pH. etc.) mediated by the receptor protein upon bringing a lest compound into contact with 

cells containing the receptor protein; 

(e) a method tor determination of a ligand to the receptor protein or Its salt which comprises which comprises 
measuring a cell stimulation activity (e.g.. an activity to enhance or Inhibit release of arachidonic acid, release of 
acetyl choline, release of intracellular Ca^*, formation of intracellular cAMP, formation of intracellular cGMP. pro- 

IS duction of Inositol phosphate, change of cell membrane potential, phospholylation of intracellular protein, activation 

of c-los, lowering of pH, etc.) mediated by the receptor protein upon bringing a test compound into contact with 
the receptor protein expressed on the cell membrane of a transformant containing DNA encoding the receptor 
protein of the present Invention by cultivating the transformant 

so The receptor proteh used in the ligand determination of the present invention may be any protein in so far as it 

contains the above-described receptor protein or partial peptide of the present invention. In particular, the receptor 
protein expressed in a large amount by using animal cells is suitable. 

For producing the receptor protein of the present invention, the al)ove-described expression process can be used. 
In particular, it is preferred to carry out expression of the DNA encoding the receptor protein in cells of mamnals or 

26 insects. Normally, cDNA is used as a DNA fragment encoding the desired part of the protein, but the present invention 
is not necessarily limited to this.. For example, a gene fragment or a synthetic DNA can also be used. For transferring 
a DNA fragment encoding the receptor protein of the present invention Into a host animal cell and expressing it efficiently, 
it is preferred to integrate the DNA f lagment into the dovwistream from a polyhetrin promoter of nuclear polyhetosls 
virus (NPV) belonging to baculovirus whose host Is insects, a pronxrter derived from SV40, retrovirus promoter, met- 

30 allothionein promoter, human heat shock promoter, cytomegalovirus promoter. SRA pronrK>ter or the like. The quanti- 
tative and quantative assay ol expression of the receptor protein can be carried out by a per se known nnethod. For 
example, the assay can be carried out according to the method described by Nambi. P. et al.» J. Bk>l. Chem.. 267. 
19555-19559(1992). 

In the ligarKl determination of the present inventton. the receptor protein. Its partial peptide or their salts nrwy be 
3S the receptor protein, its partial peptkie or their salts as such which are purified according to a per se known nr>ethod. 
or amateriat contabiing the receptor protein, its partial peptide or their salts such as cells contaviing the receptor protein 
or their membrane fractkxns. 

In case of using the cells contahing »ie receptor protein d the present invention, they may be Immobilized with 
glutaraldehyde, fomnalin, etc. ImnnobilizatkDn can be carried out by a per se known method. 
40 The cells containing the receptor protein ol the present inventton are host cells expressing the receptor protevi of 

the present invention. The Examples of the host cells Include E. col.^ Bacfllus eubtilis , yeast, Insect cells, animal cells 
and the like. 

The cell membrane fractiwi is a fraction containing many cell membranes obtained by disrupting cells and then 
treated by a per se known method. The disruplfon of cells can be carried out, for ^cample, using Potler-Elvehjem 

4$ homogenizer, Wfeiring blender or Polytron (Kinematica). ultrasonk:atk>n. French press, etc. Fractfonatbn of the cell 
membrane f ractkxi can mainly be carried out by f ractk>natk)n centritugatk>n. density-gradient centrifugatkxi or the like. 
For example, a disrupted cell suspension Is centrrfuged at a kvw rate {500 rpm-3000 rpm) for a short perfod of time 
(norrnally. about 1 minute-1 0 minutes) and further the supernatant Is centrif uged at a high rate (1 5000 rpm-30000 rpm) 
lor about 30 minutes to about 2 hours to obtain a cell membrane fraction as.prectpitate. This cell membrane fraction 

so contains the expressed receptor protein and many membrane components such as phospholipids, membrane proteins 
and the like. 

The amount of the receptor protein contained in the cells or the cell membrane fractkxi is preferably lO^ to 108 
molecules, more preferably 10^ to 1 0^ molecules per one cell. As the expresskxi level Is hi^er, a ligand binding actwity 
(specific activity) becomes higher, which makes not only construction of a high sensitive screening system but also 
ss determinalk>n of a large number of samples in one tot possible. 

For carrying out the above ligand determination methods (a) to (c). a suitable receptor protein fraction and a labeled 
test compound are required. 

The receptor protein tractton is preferably a naturally occurring receptor protein fraction or a recombinant receptor 
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protein fraction having the equivalent activity to thai o( the nalufaWy occurring receptor protein. The equivalent activity 
used herein means the equrvaleni ligand binding activity, eignal information tranemiesion activity or the like. 

The labeled teet compound is preferably the above-exemplified tigand such ae angiotensin, bombesin, cannabi- 
ncMd, cholecystokinin, glulamine. serotonin, melatonin., neuropeptide Y, opioid, purine, vasopressin, oxytocin, PACAP, 

5 . secretin, glucagon, calcitonin, adrenomedullln, somatostatin. GHRH, CRR ACTH. GRP. PTH. VIP (vasoactive intestinal 
and related polypeptides), dopamine, motirin. amylin, bradykinln. CGRP (calcitonin gene related proteins), leukolrlene, 
pancreastacfai, prostaglandin, thromboxane, adenosine, adrenalin, qor p^chemoklne (e.g.. IL-8. GROa, GROp. GROy. 
NAP-2. ENA-78, PF4. IPIO. GCP-2. MCP-1. HG14. MCP-3. 1-309. MlP-la, MIP-lp. RANTES. etc.), endothelin, enter- 
©gastrin, histamine, neurotensin. TRH. pancreatic polypeplides or gallamine labeled with pH]. P^J. p^C]. [^S]. etc, 

10 Specifically, tor carrying out the ligand determir>atton method of the present invention, the cells or cell membrane 

fraction containing the receptor protein of the present invention are suspended in a buffer satiable for the determinalion 
method to prepare a receptor standard. Any buffer which does not Interfere with the binding between the ligand and 
the receptor protein can be used, for example, a phosphate buffer of pH 4 to to, preferably pH 6 lo 6. Tris-HCl buffer 
or the IBte. In order to minimize non-specific binding, a surfactant such as CHAPS. Tween-BO*^ (Kao-Atlas), digllonin. 

IS deoxycholate. etc. and various proteins such as tx)vine serum albumin, gelatin, etc. to the buffer. In addition, for inhib- 
iting degradatk)n of the receptor protein an ligand by a protease, a protease inhibitor such as PMSF. leupeptin, E-64 
(Peptide Kenkyii-sho), pepstatin, etc. can also be added to the buffer. A given amount (5000 cpnvSOOOOO cpm) of the 
lest compound labeled with pH], p p^C], p^S] or the like is added to 0.01 ml to 10 ml of the receptor suspension. 
For evaluating an amount of non-specific binding (NSB), a reaction tube, to whk:h a large excess amount of the unla- 

20 beled test compound is added, is provkied The reaction is carried out at atx)ut O^C to otooxn 50*C, preferably about 
4'C to about 37*0 for about 20 minutes to about 24 hours, preferably at>out 30 minutes to about 3 hours. After com- 
pletk>n of the reactkxi. the reaction mbcture vras filtered through, for example, glass fiber filter paper, washed with a 
suitable anrK>unt of the same buffer and the radk>activily remaining in the glass fiber filter paper is counted with a Tiquid 
scintillatkxi counter or a -^counter. The test compound whose count (B-NSB) obtained by subtracting the amount of 

zs rK)n-specific binding (NSB) from the total binding amount (B) exceeds 0 cpm can be selected as the ligand to the 
receptor proteh or its salt of the'present invention. 

The above ligand determination methods (d) and (e) can be carried out by measuring a cell stimulation activity (e. 
g.. activity to enhance or inhibit release of arachldonk: ackJ, release of acetyl choline, release of intracellular Ca?^ 
formation of tntraceliular cAMP.' formation of intracellular cGMP. productk>n of Inositol phosphate, change of cell mem- 

so brane potential, phospholy latfon of intracellular protein, activation of c-fos. towering of pH, etc. ) mediated by the receptor 
protein of the present inventton by a known method or a commercially available determination kit. Specifically; first, 
the cells containing the receptor protein are cultivated \n a well plate, etc. For tigand determination, the culture medium - 
Is replaced with a fresh medium or a suitable buffer which does not have cytotoxk:rty. After additkxi of a test compound, 
the culture Is incubated for a gh/en period of time, folbwed by extracting the cells or recovering the supematant to 

35 determine a product formed by a method suitable for determlnatton of the product. Where an assay of the fomnatlcn 
of an nndex compound of a cell etimulating activity (e.g.. arachkfonic acid, etc.) is difficult due to a degradation enzyme 
contained in the cells, the assay can be carried out with addition of an inhibitor of the degradation enzyme, in addition, 
as for CAMP production inhibitory activity or the like, the activity can be detected as the production inhibitory activity 
of cells whose bask: production is increased with forskolin, etc. 

40 The determination kit of a ligand wh«h binds to the receptor protein or its salt of the present invention comprises 

as an essential corr^>onent the receptor protein or the partial peptide of the present inventton. cells containing the 
receptor protein of the present lnventk>n or a salt thereof, a ceil membrane fmctlon of cells containing the receptor 
protein of the present inventksn, or the like. 

Examples of the ktd for ligand determination of the present inventton nnclude as follows. 



45 



(1) Reagent for ligand determination 



(a) Measurement buffer and washing buffer 

A buffer obtained by addltton of 0.05% of bovine serum albumin (Sigma) to Hanks* balanced salt solution 
50 (Gibco). The buffer is sterOized by filtration through a fitter of 0.45 pm in pore diameter and then stored at 4'*C or 

is can be prepare when it is used. 

(b) Standard of G-protern coupled receptor protein 

CHO cells expressing the receptor protein of the present invention are subjected to passage in an amount of 
5 X 10^ cells/well in a 12-wel! plate and cultivated at 37*C for 2 days in 5% C02-95% air to obtain a standard of 
55 the receptor protein. 

(c) Labeled test compound 

A test compound labeleid with a commercial available pH], p^l]. (^^C). [^SJ. etc. or another suitable label. 
An aqueous solution of the labeled test compound Is stored at 4*^0 or -ZO'^C and, when it is used, it is diluted 
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lo 1 mM with the measurement buffer. As lor a water-insotubie or slightly water-eoluble compound, the compound 
is dissotved in dimethyHomnamide. OMSO. methanol, etc. 
(d) Non-labeled test compound 

The same test connpound as that of the labeled test compound Is used to prepare a solution in 100 to 1000 
s times concentration. 

(2) Measurement 

(a) The receptor protein expressing CHO cells cultivated in a 12-well tissue culture plate is washed twice with 1 
10 ml of the measurement buffer and then 490 ^1 of the buffer is added to the respective wells. 

(b) 5 ^1 of the labeled test compouiKl is added and reacted at room temperature for one hour 

(c) The reaction mixture is removed and the wells are washed three times with 1 ml of the washing buffer. The 
labeled test compound bound to the cells Is dissohfed with 0.2 N NaOH-1% SDS and mbced whh 4 ml of liquid 
scintillator A (Vfako Pure Chemical Industries, Ltd.). 

IS (d) Radioactivity is measured by a liquid scintillation counter (Beckman). 

The ligand which can bind to the receptor protem of the present invention is, for example, that specifically present 
in brain, pituitary, pancreas, etc. SpectTic examples thereof include the above-exemplified ligands, that is, angiotensin, 
bombesin, cannablnoid. cholecystoklnin, glutamlne, serotonin, melatonin, neuropeptide X opioid, purine* vasopressin, 
^ oxytocin, PACAP, secret^), glucagon, calcitonin, adrenomedullin, somatostatin. QHRH, Cnp, ACTH, GRP» PTH. VIP 
(vasoactive intesUnal and related polypeptides), dopamine, motilin. amylin, bradyklnfri. CGRP (calcitonin gene related 
proteins), leukotriene. pancreastacin. prostaglandin, thromboxane, adenosine, adrenalin, a or p-chemokine (e.g., IL- 
8, GROa, GROP. GROy, NAP-2, ENA-78. PF4. IP10. GCP-2. MCP-1. HC14. MCP-a 1-309, MlP-la. MlP-1^ RANTES. 
etc.), endotheltn, enterogastrin, histamine, neurotensin. TRH, pancreatic polypeptkies or gallamine. 

2S 

(II) Gene prophylactic and therapeutic drug of the G-protein coupled receptor protein deficiency diseases 

If a ngand to the receptor protein of the present invention is found out by the above method (I), DNA encoding the 
receptor protein of the present invention can be used as a drug for gene profahylaxis and therapy of diseases caused 

M by deficiency of the G-protein coupled receptor protein deficiency depending upon a particular activity of the ligand. 

For example, when there is a patient whose physk>k^k:al activity of a ligand is scarcely expected because of 
decrease in the receptor protein of the present inventk)n, the amount of the receptor protein in the patient* e body can 
be increased to exhibit the sufficient activity of the ligand. for example, by (t) administering DNA erKoding the receptor 
protein of the present invention to the patient to express it. or (ii) inserting DNA encoding the receptor protein of the 

36 present invention into subject cells to express it, fottowed by transplantation of the cells into the patient. Then, DNA 
encoding the receptor protein of the present inventkan is useful as a safe and bw toxic drug for gene prophylaxis and 
therapy of disease caused by deficiency of the receptor protein of the present Invention. 

DNA encoding the receptor protein of the present irtvention (hereinafter sometimed abbreviated to the DNA of the 
present invention) ak>ne or, after inserted into a suitable vector such as retroviral vector, adenoviral vector, adenovirus 

40 associated viral vector, etc., can be used as the above prophylactk: and therapeutk: drug according to a conventkxial 
method. For example, the DNA of the present invention can be used in the form erf tablets, if necessary providing sugar 
coating, capsules, elixirs, microcapsules, etc. for oral administration, or in the form of injectable preparatbns such as 
aseptic solutions or suspensions tn water or other phanmaceutk^lly acceptable solutions for parenteral administration. 
A pharmaceutk:al composition in a unit dosage form can be prepared by mixing the DNA of the present invention with, 

^ for example, one or more pharmaceutically acceptable carriers, flavors, exciplents. vehicles, preservatives, stabilizers, 
binders, etc. accorcfing to generally acceptable manner. The effective component is contained in the composltbn in 
such an amount that a dose in the intended desired range can be obtained. 

Examples of add'ttives to be mbced in tablets, caupsels. etc. include binders such as gelatin, com starch, tragacanth 
gum and gum arabic, excipients such as crystalline cellulose, sweliing agents such as com starch, gelatin and alginic 

so acid, lubricants such as magnesium stearate, sweetenings such as sucrose, lactose and saccharin, flavors such as 
peppermint, akamono oil and cherry, and the like. In case of the capsule dosage unit fonm. in addition to the above 
component, it can contain a liquid carrier such as fat or oil. An injectable aseptic composition can be prepared according 
to a conventional nrtanner, for example, by dissolving or suspending the active component in a vehicle such as injectable 
water and a natural vegetable oil such as sesame oil, coconut oil. etc. Examples of the injectable aqueous solution 

ss include physk)fc)gk:al saline, isotonic solutions containing glucose and other adjuvants (e.g.. D-sorbitol. D-mannitol. 
sodium chloride, etc.) and suitable dissolution aids, for example, ateohols (e.g., ethanol). polyalcohols (e.g.. propylene 
glycol, polyethylene glycol), nonlonic surfactants (e.g., Polysorbate 80™ HCO-60) way be further added. As an oily 
solutk>n, for example, sesame oil. soybean oil, etc. can be used and a dissolutkxi aid such as benzyl benzoate or 
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benzyl alcohol, etc. can be further added. 

The above prophylactic and therapeutic drugs can further contain, for example, butfere (e.g., phosphate buffer, 
eodium acetate buffer), emoothing agents <e.g.,^ benialkbrilUm chloride, procaine hydrochloride, etc.), stabilizers (e.g., 
human serum albumin, polyethylene glycol, etc.), preservatives (e.g., benzyl alcohol, phenol, etc.), antioxidants, and 

5 the tike. The injectable preparation thus produced is normally filled in a suitable ampoule. Since the pharmaceutical 
composHlon thus obtained Is safe and low toxic, it can be administer to a human being and another nriammal (e.g., rat, 
rabbit, sheep, pig. cattle, cat, dog. nx>nkey, etc:). Although the anx>unt ot the DNA of the present invention to be 
administered Is varied according to particular subjects, organs to be treated, symptoms, routes of administration, etc., 
in general, for oral administration to an adult human being (as 60 kg body weight), the DNA is administered in an 

10 amount of about 0.1 mg/day to about 100 mg/day, preferably about 1.0 mg/day to about 50 mg/day. more preferably 
about 1.0 mg to about 20 mg. For parenteral admtnistratKm to an adult human being (as 60 kg body weight), it is 
advantageous to administer the composition in the form of an injectable preparation in an amount of about 0.01 mgf 
day to about 30 mg/day. preferably about 0.1 nrgfday to atx>ut 20 mg^y, more preferably about 0.1 mg/day to about 
10 mg/day, though the single dosage is varied according to particular subjects, organs to be treated, symptorrts, routes 

IS of administration, etc. As for other animals, the composition can be administered in the above amount with converting 
it into that for the body weight of 60 kg. 

(III) Gene diagnosing agent 

£0 The DNA ericoding the receptor protein or the partial peptkie of the present inventk^n can be used for detecting 

an abnormality of DNA encoding the receptor protein or the partial peptkie of the present inventon (abnormal gene) 
in a human being or another rr^ammal (e.g.. rat, rabbit, sheep, pig, cattle, cat, dog. monkey, etc.). Therefore, the DNA 
encoding the receptor protein or the partial peptide d the present invention is useful as a gene diagnosing agent for 
detecting abnomiality of the DNA. 

(IV) Determination method of llgand to the G-proteln coupled receptor protein 

The receptor protein, the partial peptkie and their salts of the present inventkxi have llgand birxiing properties and 
they can be used for determination of ligand concentratbn In the living body n a high sensitivity. 
30 The method for determination of the present Invention can be used, lor example, in combination with a competitive 

method. That Is, the ligand concentration can be detenmined by bringing a specinr)en into contact with the receptor 
protein, the partial peptkie or a salt thereof of the present invention. Specifically, the determination method can be 
carried out, tor example, according to the methods described in HIroshi Irie, Ed., "Radioimmunoassay*, Kodan-sha, 
1974 and *Secor)d Series Radioimmunoassay*, Kodan-sha, 1979 or their rrKxIlfwatkxis. 

35 

(V) Method for screening for compounds which alter binding of a llgand to the G-protein coupled receptor protein 

Compounds which alter binding of a ligand to the receptor protein or its salt (e.g., peptides, proteins, non-peptkfe 
compounds, synthetic comp>ounds, fermentation products) can be screened efficiently by using the receptor protein, 

^0 the partial peptide or their salts of the present invention, or by constructing an expression system of the recombbant 
receptor protein and using a receptor binding assay system utilizing the expression system. Examples of these cortH 
pounds Include compounds having ceR stimulatk>n activities (e.g., actlvrty to enhance or inhibit release of arachidonic 
acM, release of acetyl choline, release ol intracellular Ca^^. fonmatksn of intraceOular cAMP, fonmatbn of intracellular 
cGMP, production of inositol phosphate, change of cell membrane potential, phospholylatk>n of intracellular protein, 

45 activation of c-f os, lowerng of pH, etc.) mediated by the receptor protein of the present inventton (Le. , so-called agonists 
to the receptor protein of the present invention) and compounds which do not iiave such activities (i.e., so-called 
antagonists to the receptor protein of the present invention). 

That is. the present invention provide a method for screening for compounds v^ich alter binding of a ligand to the 
receptor protein or its salt of the present invention, or their salts which comprises comparing (i) binding ol the ligand 

50 to the receptor protein or the partial peptkie ol the present inventk>n or a salt thereof upon bringing the receptor protein 
or the partial peptide of the present invention or a salt thereof into contact with the flgand, arxi (ii) that upon bringing 
the receptor protein or the partial peptide of the present invention or a salt thereof Into contact with the ligand and a 
test compound. 

In the screening method ot the present invention, an amount of the ligand bound to the receptor protein, the partial 
55 peptide or a salt thereof, a cell stimulation activity or the like is measured and compared upon bringing the receptor 
protein or the partial peptkie of the present invention or a salt thereof into contact with the ligand. and (ii) that upon 
bringing the receptor protein or the partial peptide of the present inventbn or a salt thereof into contact with the ligand 
and a test compound. 
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More specifically, the screening method of the present invention rncliides: 

(a) a method for screening for compounds which alter binding of a ligand to the receptor protein or its salt of the 
present Invention, or their safts which comprises labeling the ligand, and measuring and comparing (i) an amount 
of the labeled tigand bound to the receptor protein or the partial peptide of the present Invention or a salt thereof 
upon bringing the receptor protein or the partial peptide of the present invention or a salt thereof into contact with 
the labeled llgand. and 00 that upon bringing the receptor protein or the partial peptide of the present invention or 
a salt thereof Into contact with the labeled ligand and a test compound; 

(b) a method for screening for compounds which alter binding of a ligand to the receptor protein or its salt of the 
present invention, or their salts which comprises labeling the ligand. and measuring and comparing (i) an amount 
of the labeled ligand bound to cells containing the receptor protein or a membrane fraction of the cells upon bringing 
the labeled ligand into contact with the cells or the membrarm fraction, and (ii) that upon bringing the labeled ligand 
and a test compound into contact with the cells or the membrane fraction; 

(c) a method for screening for compounds which alter binding of a ligand to the receptor protein or its salt of the 
present invention, or their salts which comprises labelhg the ligand, and measuring and comparing (i) an amount 
of the labeled ligand bound to the receptor protein expressed on the cell mernbrane of a transformant containing 
DNA encoding the receptor protein of the present invention by cultivating the transf onnant upon bringing the labeled 
tigand into contact with the expressed receptor protein, and (ii) that upon bringing the labeled tigand and a test 
compound into contact with . the expressed receptor protein; 

(d) a method for screening for compounds which alter binding of a ligand to the receptor protein or its salt of the 
present invention, or their salts which comprises measuring and comparing (i) a cell stimulation activity (e.g., 
activity to enhance or inhibit release of arachidonlc acid, release of acetyl choline, release of intracellular C^*, 
formation of intracellular cAf^R formation of intracellular cGMP. production of iriositol phosphate, change of cell 
membrane potential, phosphotytation of intracellular protein, activation of c4os. towering of pK etc.) mediated by 
the receptor upon bringing a compound which activates the receptor protein of the present invention (e.g.. a ligand 
to the recepk?r protein of the present invention) into contact with ceHs containing the receptor protein of the present 
invention, and (») that upon bringing the compound which activates the receptor protein and a test compound into 
contact with the cells; 

(e) a method for screening for compounds which alter binding of a ligand to the receptor protein or its salt of the 
present invention, or their salts which comprises measuring and comparing (I) a cell stimulation activity (e.g., 
activity to enhance or inhibit release of arachidonlc acid, release of acetyl choline, release of intracellular C^^, 
formation of intracellular cAMP. formation of ffitracellutar cGMP, production of inositol phosphate, change of cell 
membrane potential, phosphotytation of intracellular protein, activation of c-fos, lowering of pH, etc.) mediated by 
the receptor upon bringing a compound which activates the receptor protein of the present invention (e.g.. a llgarKi 
to the receptor of the present invention) into contact with the receptor protein expressed on the cell membrane of 
a transformant containing DNA encoding the receptor protein by cultivating the transformant. and (ii) that upon 
bringing the compound which activates the receptor protein of the present invention and a test compound into 
contact with the receptor protein expressed on the cell membrane; 

Before the receptor protein of the present invention is available, for screening for a G-protein coupled receptor 
agonist or antagonist, first, it is necessary to obtain candidate compounds by using cells, tissues or a cell membrane 
fraction thereof containing the G-protein coupled receptor protein of rat, etc (primary screening) and then to confirm 
whether or not the candidate compounds actually inhibit the binding of human G-protein coupled receptor protein and 
a ligand (secondary screening). When cells tissues or a cell membrane thereof are used as such, other receptor proteins 
are present, which make screening for an agonist or amagonist to the objective receptor protein difficult. However, for 
example, if the human receptor protein of the present invention is used, the primary screening is not required and 
efficient screening for compounds which Inhibit the binding of a ligand to the G-protein coupled receptor protein can 
be carried out In addition, whether the compound thus screened for is an agonist or an antagonist can be readily 
evaluated. 

The receptor protein used in the screening method of the present invention may be any protein n so far as it 
contains the above-described receptor protein or partial peptide of the present invention.. A cell membrane fraction of 
a mammalian internal organ containing the receptor protein of the present invention is suitable. However, in particular, 
the internal organs of a hunnan being is hardly available and therefore the receptor protein expressed in a large amount 
by using a recombinant is suitable for the screening. 

For producing the receptor protein of the present Invention, the above-described expression process can be used. 
In particular, it is preferred to carry out expresBion of the DNA encoding the receptor protein in cells of mammals or 
insects. Normally. cDNA is used as a DNA fragment encoding the desired part of the protein, but the present invention 
is not necessarily limited to this. For example, a gene fragment or a synthetic DNA can also be used. For transferring 



16 



(C) 2001 Copyright Derwent Information Ltd. 



EP0845 529A2 

a DNA fragment encxxJing the receptor protein of the present Invention Intoa host animal cell and expressing h effrciently, 
it Is preferred to Integrate the DNA fragment Into the downstream from a potyhetrin promoter of nuclear polyhetoeis 
virus (NPV) belonging to baculovirus whoso host Is Iriftects, a pronrK)ter derived from SV40. retrovirus promoter, met- 
altethlonein promoter, human heat shock promoter, cytomegalovirus promoter, SRa promoter or the like. The quanti- 
5 tatrve and qualitative assay of the expressed receptor can be carried out by a per se knovm method. For example, the 
assay can be carried out according to the method described by Nambi. P. et al.. J. Biol. Chem,. 267. 19555-19559 
(1992). 

In the screening method of the present Invention, the receptor protein, its partial peptide or their salts nrtay be the 
receptor protein, its partial peptide or the salt as such which is purified according to a per se known method, or a 
10 material containing the receptor protein, its partial peptide or their salts such as cells containing the receptor protein 

or their membrane fractions. 

In case of using the cells containing the receptor protein of the present invention, they may be immobilized with 
giutaraldehyde. formalin, etc. Immobilizatfon can be carried out by a per se known method. 

The cells containing the receptor protein of the present invention are host cells expressing the receptor protein of 
15 the present invention. Preferred examples of the host cells include E. coH, Bacillus subtllls. yeast. Insect cells, animal 
cells and the like. 

Ihe cell membrane traction Is a fraction containing many cell membranes obtained by disrupting cells and then 
treated by a per se known method. The disnjptfon of cells can be carried out. for exanriple. using Potter-Elvehjem 
homogenlzer, Warbig blender or Polytron (manufactured by Kinematica). ullrasonfcatfon. French press, etc. Fraction- 

20 ation of the cell membrane traction can mainly be carried out by tractionaUon cenlrifugatjon. density-gradient centrif- 
ugatlon or the fike. For example, a disrupted cell suspension is centrBuged at a low rate (500 rpnvSOOO rpm) for a short 
period of time (normally, about 1-10 minutes) and further the supernatant Is centrifuged at a high rate (15000 rpm- 
30000 rpm) for about 30 minutes to atx)ut 2 hours to obtain a cell membrane fraction as a precipitate. This cell membrane 
fraction contains the expressed receptor protein and many membrane components such as phosphoDpidB, membrane 

25 proteins and the like. 

The amount of the receptor protein contained in the cells containing the receptor protein or the cell membrane 
fraction is preferably lO^to 10» molecules, more preferably 10^ to 10^ molecules per one cell. As the expresekjn level 
is higher, a ligand binding activity (specific activity) becomes higher, which makes not only constniction of a high sen- 
sitive screening system but also determination of a large number of samples in one lot posstole. 
30 For carrying out the above screening methods (a) to (c). a suitable receptor protein fraction and a labeled test 

compound are required. The receptor protein fraction is preferably a naturally occurring receptor protein fraction or a 
recombinant receptor protein fraction having the equivalent activity to that o1 the naturally occurring receptor protein. . 
The equivalent activity used hereh means equivalent ligand binding activity, signal infomnatk>n transmission activity 

or the like. ^, . ^ 

35 The labeled ligand Includes labeled ligands and labeled ligand analog compounds. For example, the ligand labeled 

with pH]. f^26|j^ p4c], [355], etc. can be used. 

Specifically, for carrying out the screening method of the present invention, the ceHs or cell membrane f ractkxi 
containing the receptor protein of the present 'invention are suspended in a buffer satiable for the screening to prepare 
a receptor protein standard. Any buffer which does not interfere with the binding between the ligand and the receptor 

40 prote^ can be used, for example, a phosphate buffer of pH 4 to 10, preferably pH 6 to 8. Tris-HCI buffer or the like, in 
order to minimize non-epecific binding, a surfactant such as CHAPS, Tween-eo*™ (Kao-Atlas). digltonln. deoxycholate. 
etc. and vartous proteins such as bovine serum albumin, gelatin, etc. to the buffer. In addrtkm, for inhibiting degradation 
of the receptor protein and the ligand by a protease, a protease inhft)itor such as PMSF, leupepfm. E-64 (manufactured 
by Peptkie Kenkyu-sho). pepstatin. etc. can also be added to the buffer. A given amount of the labeled ligand (5000 

4S cpm-500000 cpm) is added to 0.01 ml to 10 ml of the receptor suspension and. at the same time, la* M to lO*'® M of 
a test compound is present in the receptor suspenskxi. For evaluating an amount of non-specific binding (NSB). a 
reaction tube to which a large excess amount of the unlabeled ligand is added is provided. The reactk>n is carried out 
about 0*C to about 50»C, preferably about 4*0 to about 37'C for about 20 minutes to about 24 hours, preferably about 
30 minutes to about 3 hours. After completion of the reactton. the reaction mixture was filtered through, for example. 

60 a glass fiber filter paper, washed with a suitable amount of the same buffer and the radioactivity remaining in the glass 
fiber fitter paper is counted with a liquid scintillation counter or a -^counter. The test corripound whose speciTic binding 
count (B-NSB) is 50% or lower can be selected as a candidate compound capable of inhibiting antagonism, when 
taking the count (Bq-NSB) obtained by subtracting the count of non-specific binding (NSB) from the count (Bo) obtained 
without any antagonistic material as 1 00%. 

55 The above screening methods (d) and (e) can be carried out by measuring a cell stimulatbn activity (e.g.. activity 

to enharice or inhibit release of arachidonfc acid, release of acetyl choline, release of intracellular Ca^-^, formation of 
Intracellular cAMR fonnatk>n of intracellular cGf^P. production of inosilol phosphate, change ot cell membrane potential, 
phospholylation of intracellular protein, actuation o1 c-fos. towering of pH. etc.) mediated by the receptor protein of the 
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present invention by a known method or a commercially avaaable detemr.lnallon kit Specillcalh^ first the celto con- 
Lma the receptor protein are cullivaled a multi-well plate, etc. For carrying ^'^ «f '"i^/?* "^"f 
replaced wHh a fresh medium or a suitable buller which does not have cytotoKicity. After addttton of a test compound, 
the culture is incubated for a given pertod of time. lolk>wed by extracting the cells or recovering the supematarrt to 
determine a product formed by a method suitable for detemrHnatlon of the produrt^ Where an assay of the fonmatwn 
ofa, index compound ot a cell stimulating activity (e.g.. arachldonfc acid, etc.) is dilficuH due to a degradation er«yme 
contained in the cells, the assay can be carried out with addition of an inhibftor of the degradation enzyme. In addition, 
aslor CAMP production Inhibitory activity or the like, the activity can be delected as the production mhibitory activity 
o» ceOs whose basic productton has been increased with forskolin. etc. 

For carrying out ttie screening by measurement of a ceU stimulating activity, cells expressirig a surtabte receptor 
protein are required. As cells expressing the receptor proten of the present Im^enlten. lor example, naturally occurring 
cell strains ccJitaining the receptor protein ol the present inventton or the above^scnbed recombinants expressing 

the '^^' P'^Te^twt'Sli'i^nds include peptides, proteins, non-peptide compounds, synthetic compounds cell 
extracts, vegetable extracts, animal tissue extracts and the like and these compounds may be novel compounds or 

'^'Thrwri«"^eenlng for a compound whteh alters bindingof a Bgandtolhe receptor protein or its salt of the present 
invention comprises as an essential component the receptor protein or the partial peptide of the present inver, Ion or 
a salt thereof, celle containing the receptor protein of the present Inyentior^ a cell membrane fraclton of cells containing 
S9 the receptor protein of the preeent invention, or ttie like. 

Examplae of the screening kit ol the present Inventton inchide as folkwtfs. 

(1 ) Reagent tor screening 

2S (a) Measurement buffer artd washing buller ....... ^ u • 

A buffer obtained by addttton of 0.05% of bovine eenim albumin (Sigma) to Hanks" balanced sfilt soIuBon 
(GIbco). -me buller is sterilized by filtration through a filter ol 0.45 pm in pore diameter and then stored at 4 C or 
Is can be prepare when it is used. 

(b) Standard of 6-protein coupled receptor proteh ■ 
30 CHO cells expressing the receptor prrtein of the present Invention are subjected to passage in an amount ol 

5 X 10« celteAwell h a 12.wen plate and cultivated at STC lor 2 days In 5% COj-95% air to obtain a standard ol 
the receptor protein. 

^'itoSd SSed viFlth a commercial available pHJ. r»l]. P^CJ. I»S]. etc. or another euitable label 
95 An aqueous solutton of the labeled test coirpound is stored at 4»C or -20«C and. when It is used. It Is diluted 

to 1 iiM with the measurement buffer. 

(d) Ligand standard solution . ^ - . 

A Igand is dissolved in PBS containing 0.1% bovine oenjm albumin (Sigma) at ttie final concentration ol 1 

mM and stored at -20*0. 

(2) Measurement 

(a) The receptor proteto expressing CHO ceRe cullivaled in a IZ-weB tissue culture plate le wajjhed twtee with 1 
ml ot the measurement buffer and then 490 pi ot the same bufler - added to «)• '«»Pf*']«,.'^^^ _ . - 
4S (W 5 ul of a 1 03 to 1 0-« M solution ot a test compound Is added and then 5 pi ol the labeled ligand is added. They 

are reacted at room temperature for one how; In order to evaUiate a non-speclfte binding amount. 5 nl 10"' M 

{JrSe^JirtSi mbrture is removed and the weBs are washed three times with 1 ml ol the washing bufler TTie 
labeled ligand bound to the cells is dissohfed with 0.2 N NaOH.1% SDS and mixed with 4 ml ol liquid scintillator 
60 A (Wako Pure Chemical Industries. Ltd.). • 

(d) Radtoactivity is measured by a liquid scmtillatton counter (Beckman). Peicem Maximum Binding (PMB) is cal- 
culated by the equation [1): 

PMB=[(B-NSB)/(Bo-NSB)] x 100 



wherein PMB is Percent Maximum Binding. B Is a value obtained witti addition of a specimen. NSB is a value of 
non-speciffc binding, and Bb is a maximum binding value. 
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The compound or Its salt obtained by using the screening method of the screening liit of the present invention 
alters binding of a ligand to the receptor protein or its salt o1 the present invention. Specifically, it » a compound or a 
salt thereof which binds to the receptor protein ot the present Invention and a exhibits cell stimuteting actrvrty mediated 
by the receptor protein fi.e.. so^alled an agonist to the receptor protein of the present invention) or which binds to the 
receptor protein ol the present invention but does not exhibit the cell stimulating activity (i.e.. so^lled an antagonist 

of the present invention). ^ , • . , . ^ 

Examples ot the compounds Include peptides, proteins, non-peplide compounds, synthetic compounds, f emiented 

products and the like and they may be novel compounds or known compounds. 

Since the agonist to the receptor protein of the present invention has the same physiological activity as that of a 

ligand to the receptor protein, it is useful as an active component of a safe and low toxic pharmaceutical composition 

having the ligand activity. . ..n.. , ■ • i 

On the other hand, since the antagonist to the receptor protein of the present invention can inhibit the physiological 
activity of a ligand to the receptor protein, It is useful as an active component off a safe and low toxic pharmaceutical 
composition for Inhibrting the ligand activity . . , ^ . . ... ^ 

It the compound or Its salt obtained by the screening method or the screening kit of the present Invention is used 
for a pharmaceutical composition as descrtoed above, any conventional nr»nner can be employed. For example, the 
compound or Its salt of the present invention can be used in the form of tablets, if necessary, provid.ng sugar coaling, 
capsules eUxire microcapsules, etc. for oral administration, or in the form of injectable preparations such as aseptic 
soluttens or suspensions in water or other pharmaceutically acceptable solutions tor parenteral administration. A phar- 
maceuticBl composition In a unit dosage form can be prepared by mwing the compound or its salt of the present 
invention with for example, one or more phamnaceutk:ally acceptable carriers, flavors, exciplenls, vehicles, presenf- 
atives. stabilizers, binders, etc. according to generally acceptable manner. The effective component Is contained In 
the composition in such an amount that a dose in the intended desired range can be obtained. 

Examples of additives to be mixed in tablets, caupsels, etc. include binders such as gelatin, com starch, tragacanth 
gum and gum arabfc. excipients such as crystalline cellulose, swelling agents such as com starch, gelatin and algmic 
acid lubrteants such as magnesium stearate, sweetenings such as sucrose, lactose and saccharin, flavors such as 
peppermint, akamono oil and cherry, and the like. In case of a capsule dosage unit form, in addition to the above 
components it can contain a liquid carrier such as tat or oil. An injectable aseptw composition can be prepared ac- 
cording to a conventional manner, for example, by dissolvbg or suspending the active convonent in a vehicle such 
as Injectable water and a natural vegetable oil such as sesame oU. coconut oil. etc. Examples of Injectable aqueous 
solutksn include physio togical salme. isotonic solutions containing glucose and other adjuvants (e.g.. D-sorbltol. D- 
mannitol sodium chtoride. etc.) and suitable dissolution aids, tor example, alcohols (e.g.. ethanol), polyaloohols (e.g., 
propylene glycol, polyethylene glycol), nonfonic surfactants (e.g.. Polysorbate BO^. HCO-50) may be further added. 
As an oily solution, for example, sesame oil. soybean oil. etc. can be used and a dissolution aid such as benzyl benzoate 
or benzyl Bkx>hol, etc. can be further added. The compoaitkan can further contain, for example, buffers (e.g.. phosphate 
buffer sodium acetate buffer), smoothing agents (e.g.. benzalkoniumchteride. procaine hydrochtonde. etc.). stabilizers 
(e g.. human semm albumin, polyethylene glycol, etc.). presenfafives (e.g.. benzyl alcohol, phenol, etc.). antioxidants, 
and the like The injectable preparation thus produced Is nonmally filled in an appropriate ampoule. 

Since the pharmaceutical composition thus obtained is safe and low toxte. It can be administer to a human being 
and another mammal (e.g.. rat. rabbit, sheep, pig. cattle, cat. dog. monkey, etc.). 

Although the amount of the compound or rts salt of the present Invontkjn to be administered is vaned according 
to partteular subjects, internal organs to be treated, symptoms, routes of administration, etc. in general, tor oral admin- 
istration to an adult human being (as 60 kg body weight), the DNA is administered in an amount ot about 0.1 mgWay 
to about 100 mg/day. preferably about 1 .0 mg/day to about 50 mg/day, more preferably about 1 .0 mg to about 20 mg. 
For parenteral administration to an adult human being (as 60 kg body weight), it is advantageous to administer the 
composition in the form of an Injectable preparation in an amount of about 0.01 mg«ay to about 30 mg/day, preferably 
about 0 1 mg/day to about 20 mg/day. more preferably about 0.1 mg/day to about 10 mg/day. though the single dosage 
is varied according to particular subjects, internal organs to be treated, symptoms, routes of adm-ffiistralion, etc. As for 
other animals, the composition can be administered in the above amount with converting it into that for the body weight 
of 60 kg. 

(VI) Preparation ot antibody or antiserum against the G-protein coupled receptor protein, the partial peptide or salts 
thereof 

An antibody (e.g.. monoclonal antibody, polyclonal antftxxiy) or antiserum against the receptor protein, the partial 
peptide or their salts of the present invention can be prepared by using the receptor protein or the partial peptide of 
the present invention or a salt, thereof as the antigen according to a convenlk>nal antibody or antiserum preparation 
process. For example, a monockwal antibody can be prepared as follows. 
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Preparation of monoclonal anlbody 

(a) Preparation o1 nr>onoclonal antibody producer cells 

6 The receptor protein or the partial peptide of the present invention or a sart thereof (hereinarter sometimes abbre- 

viated to the receptor protein, etc.) as such or together with a suitable carrier or diluent is administered to a site of a 
mammal which permits the antibody production. For enhancing the antibody production capability, complete Freund^s 
adjuvant or incomplete Freund's adjuvant may be administered. Normally, the receptor, etc is administered once every 
3 weeks to 6 weeks, in total, about 2 to about 10 times. The mammal to be used include nnonkey, rabbH. dog, guinea 

10 pig. mouse, rat. sheep, goat, chicken and the like and mouse or rat is preferred. 

' For preparffig monoclonal antibody producer cells, an individual whoso antibody titer has been confinned is se- 
lected from warm bkxxi animals immunized with the antigen, for example, rat and. 2 days to 5 days after the final 
Immunization, its spleen or lymph node is collected and antibody producer cells contained therein are fused with my- 
eloma cells to prepare the desired monoclonal antibody producer hybndoma. Measurement of the antibody titer in an 

IS antiserum can be carried out. for example, by reacting the labeled receptor protein, etc. as described hereinafter and 
an antiserum and then measuring the activity of the labeling agent bound to the antibody. The cell f usk)n can be carried 
out according to a known method, for example, the method described by Koehler and Milstein. Nature. 256. 495 (1 975). 
As a tuston promoter, for example, polyethylene glycol (PEG) or Sendai virus (HVJ), preferably PEG can be used. 
Examples of myetoma cells include NS-1 . P3U1. SP2/0, AP-1 and the like and P3U1 is preferred. The proportion 

20 of the number of antibody procftjcer cells (spleen cells) and the number of myeloma cells to be used is preferably about 
1 • 1 to about 20 : 1 and PEG (preferably PEG 1000-PEG 6000) Is added In concentration of about 10% to about 80%. 
Cell fusion can be carried out efficiently by Incubating a mixture of both cells at about 20"C to about 40-C, preferably 
about SO^C to at>out 37'C for about 1 minute to about 10 minutes. 

Various methods can be used for screening for a hybridonrm producing the antibody against the receptor protein. 

ss etc. For example, there may be mentioned a method wherein a supernatant of the hybrkJoma is added to a solkJ phase 
(e.g., microplate) to which the receptor protein antibody is adsorbed directly or together with a carrier and then an anti- 
immunoglobulin antibody (if cells of a mouse is used in cell luston. antl-nnouse immunoglobulin antibody is used) of 
Protein A labeled with a radioactive substance or an enzyme is added to detect the monoclonal antibody against the 
receptor protein, etc. bound to the sofid phase, and a method wherein a supernatant of the hybridonria is added to a 

so solid phase to which an anii-immunoglobulln antibody or Prolaln A is adsorbed and then the receptor protein, etc.. 
labeled with a radioactive substance or an enzyme Is added to detect the monockxial antibody against the receptor 
protein» etc. tound to the solkJ phase. . . 

Selectkxi of the monoclonal antibody can be carried out according to a per se known method or Hs nrxxJificatkx^. 
Normally, a medium for animal cells to whk:h HAT (hypoxanthine, aminopterin, thymidine) are added is omptoyed. Any 

36 selection and growth medium can be emptoyed.in so far as the hybridoma can grow. For example. RPMI 1640 medium 
containing 1% to 20%, preferably 10% to 20% fetal bovine serum. GIT medium containing 1% to 10% fetal bovine 
serum (Wako Pure Chemical Industries. Ltd.). a serum free medium for cultivation of a hybridoma (SFM-101, Nissui 
Seiyaku) and the like can be used. Normally, the cultivation Is carried out at 20»C to 40»C. preferably SV^C for about 
5 days to about 3 weeks, preferably 1 week to 2 weeks under about 5% CC^ gas. The antitoody titer off the supernatant 

40 of a hybridoma culture can be measured according to the same manner as described above wfth respect to the antft>ody 
titer of the antl-G-protein coupled receptor In the antiserum, 

(b) Purifnarion ol monoctonal antibody 

45 Separaton and purifk^ation of a monoclonal antibody against the receptor protein, etc. (hereinafter sometimes 

referred to as the anti-receptor protein monoctenal antibody) can be carried out according the same manner as those 
of conventional polyclonal antibodies such as separation and purificatkxi of immunogkjbulins. for example, saltlng-out. 
alcoholic precipitation, isoelectric point prec^Jtlation. electrophoresis, adsorption arid desorplkDn with ton exchangers 
(e.g., DEAE). uttracentrifugation, gel filtratkxi, or a specific purificatton method wherein only an antibody Is collected 

so with an active adsorbent such as an antigen-binding solid phase. Protein A or Protein G and dissociating the binding 
to obtain the antibody. 

The antibody against the receptor protein, etc. of the present invention prepared by the above (a) and (b) can 
specifically recognize the receptor protein, etc. of the present invention and therefore it can be used in a quantitative 
detennination ol the receptor protein, etc. of the present invention in a specimen, partfcularly. a quantitative determl- 
ss nation by a sandwich immunoassay. That is, the present invention also provides: 

(a) a method for determination of the receptor protein or its salt of the present invention in a specimen f lukj which 
comprises reacting an antibody against the receptor protein or the partial peptkJe of the present invention, the 



20 

(0 



2001 Copyright Derwent Inforraation Ltd. 



EP 0 845 520 A2 



specimen fluid and the labeled receptor protein or the labeled partial peptide competith^ely and measuring the 
proportion erf the labeled receptor proteh or the labeled partial peptide bound to the antibody; and 
(b) a method for detemiinalion of the receptor protein or its salt of the present Invention in a specknen fluid which 
comprises reacting the specimen fluid, an antibody insolubilized on a carrier and a labeled antibody simultaneously 
s or continuously, and then measuring the activity of the labeling agent on the insolublteed carrier, one antibody 

being that recognizing the N-terminal of the receptor protein of the present invention and theother antibody being 
that reacting with the C-terminal of the receptor protein of the present invention. 

In addition to the determination of the receptor protein or Its salt ol the present invention, the anti-receptor protein 
10 monoclonal antibody recognizbg the receptor protein of the present invention, etc. can be used for detection by his- 
tological stains and the like. For these purposes, the antibody molecular as such can be used or F(ab')2. Fab' or Fab 
fraction of the antibody nx>lecule can also be used. A method for determination using an antibody against the receptor 
protein, etc. of the present invention is not specifically limited and any determination method can be used in so far as 
an amount of an antigen, antibody or antibody-antigen corresponding to an amount ol an antigen in a fluid to be de- 
is tennined can be detected by a chemical or physical means and calculated based on a calibration curve prepared by 
using standard solutions contalnkig known amounts of the antigen. For example, nephelometry, competitive method, 
immunomstirc method and sandwich method are suitably employed. In particular, In view of sensitrvlly. specificity and 
the like, a sandwich method as described hereinafter is preferred. 

As a labeling agent used in a determinatwn method using a labeled reagent, radtolsolopes. enzymes, fluorescent 
2o materials, luminous materials and the like can be used. Examples ol radtolsotopes include V^l], I^H], l^^] and 
the like. As the above enzymes, that having good stability and high speclfk; activities is preferred and, for example, 
there are {^galactosidase. p-glucosldaee. alkaline phosphatase, peroxidase, malate dehydrogenase and the like. As 
the fluorescent materials, for example, there are fluorescamine. fluorescein isolhkjcyanate and the like. As the luminous 
materials, there are luminol. luminol derivatives, luclferin. lucigenin and the like. In addition, biotin-avkfin system can 
B6 be used for binding of an antibody or antigen to a labeling agent. 

For insolublllzatkxi of an antigen or antibody, physfcal adsorption can be used or. normally, a method using a 
chemical bond for insolubilizing or immobilizing a protein or an enzynrie can be used. Examples of the carrier Include 
Insoluble polysaccharides such as agarose, dextran. cellulose and the like, synthetfc resins such as polystyrene, poly- 
acrylamide, sPicone and the like, glass and the like. 
30 In a sandwich method, a specimen fluid to be tested is reacted with an Insolublized anti-receptor protein antibody 

(primary reaction) and further reacting a labeled anti-receptor protein antibody (secondary reaction), foltowed by meas- 
uring ttie labeling agent on tfie insoluble earner to detennine the amount of the receptor protein of the present inventkxi - 
in the specimen. The order of the primary and secondary reactions can be reversed and they can be carried out 
simultaneously or separately at different times. The above-described labeling agent and insolubilization can be applied 
ss to this method. In addition, in an immunoassay by a sandwich method, an anttoody to be used as the solid phase 
antibody or labeled antibody is not necessary one kind of antibodies and. in order to improve measuring sensitivity, 
etc., a mixture of two or more kinds of antibodies can be used. 

In the method for determination of the receptor protein, etc. by the sandwch method of the present invention, 
preferably, the antibodies against the receptor protein, etc. used in the primary and secondary reactions are those 
40 having different binding sites for the receptor protein. For example, when the antibody used in the secondary reaction 
is that recognizing the C-terminal region of the receptor protein, the antibodies used In the primary reaction is that 
reco^izing an regton other than the C-terminal regton. for example, the N-terminal region. 

The antibody against the receptor protein, etc. of the present Inventkxi can also be used for a measuring system 
other than a sandwich method, for example, a connpetitive method, Immunometrfc method, nephekxnetry and the like. 
45 In a competitive method, an antigen In a specimen fluid and a labeled antigen are reacted with the anttoody competitively 
and, after separation ol the unreacted labeled antigen (F) from the labeled antigen bound to the antibody (B) , measuring 
the amount of the labeling agent of either B or F to determine the amount oi the antigen in the specimen fluW. In this 
reactton. both Ikiuid phase method and solkJ phase method can be employed. In the liquid phase method, a soluble 
antibody is used as the antibody and B/f separation can be carried out by using polyethylene glycol, a second antibody 
50 against the above antibody. In the solid phase method, an immobilized solid phase antibody Is used as the first antibody, 
or a soluble antibody is used as the first antibody and an Inrwnobilized soBd phase anttoody is used as the second 
antibody. 

In the Immunometric method, an antigen in a specimen fluid to be tested and an Immobilized solW phase antigen 
are reacted with a give amount of a labeled antibody, competitively and then the solkJ phase is separated from the 
ss liquid phase. Alternatively, an antigen in a specimen fluid to be tested is reacted with an excess amount of a labeled 
antibody and an Immobilized solid phase antigen is added to permrt the unreacted labeled antHsody to bind to the soM 
phase, followed by the separation of the solid phase from the lk?uid phase. Tlien. the amount of the labeling agent of 
either phase is measured to determine the amount of the antigen in the specimen fluid. 
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In noDhelomelry an antlgen-antibocJy reaction fe carried out In a gel or solution and the amount of an insoluble 
Drec^SZ5«^ K^uri. Even^en the amount of an antigen In a specimen fluW to be teeted » small and the 
^unTif LT^pKaTe tom»d is small, laser nephelometry wherein dittuslon ol laser is utilized can be suitabV «n- 

"'"^^en employing these immunoassay methods ir» the detemtination method of the present invention, to set 
soecia^c^d^^ns. procedures and the like Is not required. Thai is. the determhatia, system of the receptor pr«e^n 
LTs sanThrp'esln. invention can be constructed based on conventional conditions and P'o^^^^^V^JTE^T 
metSSs togetJer with conventional anisan's technical consideration. As for details of these general technical m^s. 
«?e^ence^nrmade tovariouB reviews, texts and the like, lor example. ^ 

ste n s'TSifihi Irie. Ed. Second Series. Radioimmunoassay. KaJan-sha (1 979); Eizi Ishikawa el al.. Ed. Enzyme 
rnS,uSsBaylgaku-shoin(1978);Elzilshikawaetal.Ed..Se^ 

SlJS^^ e series. Enzyme Immunoassay. Igaku-shoin (1987); Method in Enzyn^ology VoL 70. Imrnu- 

n^hemS^^lSiques (Part A)) Academic Press; IbkJ.. Xtol 73. Immunochemfcal Techniques (Part B); ibri.. Vbl. 74 
r^^ImtearShnioues (Part CV ibid.. Vol. 84. Immunochemical Technk,ues (Part D: Selected Immunoassays); 
r ^4 lmmIrc^S2S?2^ Part E: i;tonoclonal Antibodies and General Immunoassay Methods): Ibid.. 
IT 1^' SmTn^S^lcal Technk,u^ (Part I: Hybridoma Technology and Monoclonal Antibodies and the llke^^ 

As de^bed hereinabove, the receptor protein or its salt of the present inventkx. can be detem,.ned at high sen- 
sHlvitvbvusino an antibody a^inst the rwseptorprotem. etc. of the present mventca 

2 The SSatfon3 drawings, the abbrevlaltar« ol bases, amino acids and the like are those acco,d»,g to 
lUPAcTuB C^rSs^ on BiocheScal Nomenclature or those comrenttonally used in me art. The examples are as 
d^. vS«i the amino acid has an opifcal isomer, the amino ackJ is L-isomer unless olhenvme stated. 



DNA : deoxyribonucleic acid 

cDNA : complementary deoxyribonucleic acid 

A : adenine 

T : thymine 

G : guanine 

C : cytosine 

BNA : ribonucleic acid 

mRNA : messenger ribonucleic acid 

cJATP : deoxyadenosine triphosphate 

dTTP : deoxythymidme triphoephale 

dGTP : deoxyguanosine triphosphate 

dCTP : deoxycylidine triphosphate 

ATP : adenosine triphosphate 

EDTA : ethylenediaminetetraacetic acid 



SDS: 


sodium dodecylsutfate 


EIA: 


erizyme immunoassay 


Gty: 


glydne 


Ata: 


alanine 


Vat: 


valine 


Leu : 


leucine 


lie: 


isoleucine 


Ser : 


serine 


Thr: 


threonine 


Cys: 


cysteine 


Met: 


methionine 


Gtu: 


glutamic acid 


Asp: 


aspartic acid 


Lys : 


lysine 


Arg: 


arginine 


His: 


histidine 


Phe: 


phenylalanine 


Tyr: 


tyrosine 


Trp: 


tryptophan 


Pro: 


proline 


Asn: 


asparagine 


Gin: 


glutamine 
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pGlu : pyroglutamic acid 

Me: methy! group 

Et : elhyl group 

Bu : butyl group 

5 Ph : phenyl group 

TC : ibiazolidin-4(R)-carboxamide group 

The sequences in the Sequence Listing o1 the present specification are as follows. 
10 SEQ ID NO: 1 

This represents an amino acid sequence ol the G-prolein coupled receptor protein derived from a human brain. 
SEQ ID NO: 2 

This represents an amino acid sequence of the G-protein coupled receptor protein derived from a human brain, 
which is a variant of SEQ ID Na 1 having additional 61 amino acids at the N-temiinal thereof. 



IS 



20 



SEQ ID NO: 3 



This represents a nucleotide sequence of DNA encoding the G-protoin coupled receptor protein derived from a 
human brain having the amino acid sequence represented by SEQ ID NO: 1. 

SEQ ID Na 4 

This represents a nucleotide sequence of DNA encoding the G-proteIn coupled f«^«P^«* P^^^^J".?^^^^^ « 
human brain having the amino acidsequence repn«ented by SEQ ID NO: 2. whKrfi « 

additionat IBS bases at the 5*-termlnal thereof. 
so SEQ ID NO: 5 

A nucleotide sequence ot EST which has been registered with a data base (NCBI abEST) under the accession 
number of T0B099. 

d5 SEQ ID NO: 6 

A nucleotide sequence of EST which has been registered with a data base (NCBI abEST) under the accession 
umber of T27053. - 

40 SEQ ID NO: 7 

TTiis represents a nucleotide sequence of a synthetic DNA used In screening fcx cDNA encoding the 6i>roleh 
coupled receptor protein ol the present invention. 

45 SEQ ID NO: 8 

This represents a nucleotide sequence of a synthetic DNA used in screening for cDNA encoding the G^foXem 
coupled receptor protein of the present invention. 

50 SEQ ID NO: 9 

This represents a nucleotide sequence of a synthetic DNA used in screening lor cDNA encoding the G-proteh 
coupled receptor protein ot the present invention. 

55 SEQ ID NO: 10 

This represents a nucleotide sequence of a synthetic DNA used in screening for cDNA encoding the G-protein 
coupled receptor protein of the present invention. 
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SEQ ID NO: 11 

This ;epre6enl8 a nuclBOlide sequence of a synlhellc DNA used in ecreeninfi for cDNA encoding the G-profein 
coupled receptor protein of the present Invention. 

SEQ ID NO: 12 

This represents a nucleotide sequence ol a synthetic DNA used in screening for cDNA encoding the G^,rotein 
coupled receptor protein of the present invention. 

SEQ ID Nai3 

This represents a nucleotide sequence of a synthetic DNA used in screening tor cDNA encoding the G^.roteln 
coupled receptor protein of the present invention. 

SEQ ID NO: 14 

This represents a nucleotide sequence of a synthetic DNA used in screening for cDNA encoding the 6i,rolein 
coupled receptor protein of the present invention. 



SEQIDNaiS 

This represents a nucleotide sequence ol a synthetic DNA used in screening tor cDNA encoding the Q-proteh 
coupled receptor P-^^J* ^l,")" P^**^' j^,^^^ stained ir, Example 1 hereinafter has been deposited with 
" NatiI^,!SlTB^iSdtuZ°^iS^^^^ Agency Jfindustr^ ^^^^^^^^ 
SlTnllL.. Trade . .lndu..(1-.H^^ 

''^l^T^ilS^^eMurihlr^^^^^ 
thereof. 



3S 



40 



4S 



SO 



55 



Example 1 

Obtaining cDNA of entire translated region of receptor protein from human poly(AyBNA and sequence ana^sis 
of its nudeotidB sequence 

n\ Obtalnina cDNA of translated region about C-lermlnBl of the receptor protein from human fetal brain poV 
ll^JS?™SElCw>^pl««c5tionof 

^rfn-ri^te obtain cDNA of the translated region about the C4emiinal of the receptor protein encoded by the 
Knoi:.n?cC«tS;ue^nces^^^^^ 

method was carried out by using human fetal brain poly(Ar RNA as a PCR tampWe^ 

First, the following two primeis were synthesized based on the known nucleotide sequences. 

Bl! (SBQ ID NOt 7) 

5 ' -AAGTTGGCTGTCATCTGGGTGGGCTC-3 ' 

B2: <SEQ ID NO: 8) 

5 '. _TGAGCTCCTGCTGTGGCAGCTGGCACAG-3 ' 

Then a PCR template of 3'RACE method was prepared from 1 ^xg human fatal PoVWF'NA (Clontech) by 
usino^SiE kM GIlSo BRL). The first PCR was carried out using the primer attached to SflACE krt and Bl 
prer-Si<^it£s^^^ 
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Ex Taq (Takara Shuzo) was used as the DNA pofymerase. The second PCR r©aclk>n was carried out by using 1 
^l of the first PCR mbrture as Ihe ten^late under the eamo conditions for 35 cycles except that B2 primer was used 
instead of B1 primer. After electrophoresis, a band lormod of 1.5 kb was recovered, subcloned by using a TA 
cloning kit (Invrtrogen) and transferred into E. otH JM109. As a result of sequence analysis, tt was found that the 

s amplified band had the C-tenminal region of the above-described known nucleotide sequerwos. 

<2) Obtaining cDNA o1 translated regkjn about N-terminal of the receptor protefri from hunnan fetal brain poly 
(A)^RNA by 5'RACE method (marathon method) and sequence analysis of Its nucleotWe sequence 

In order to obtain cDNA of the translated region about the N-temninal of the receptor protein encoded by the 
above-described known nucleotide sequences. 5'RACE method was carried out by using human fetal brain poly 

10 (A)+ RNA as a PCR template. 

First, the following two primers were synthesized based on the above-described knovm nucleotkie sequences. 



B8: (SEQ ID NO: 9) 

5 ' -CATGCGGGCGTTCTGGTAGGTCATCAC-3 ' 



B9: (SEQ ID MO: 10) 
^ 5 ' -GAAGAGGATGGGCAGGCAGAAGTAGCAG-3 ' 

Then, a PCR template oT 5'RACE method was prepared from 1 jig human fatal poly(A)*RNA (Ctontech) ac- 
cording to the manual of 5'RACE kit (CtontechJ. The first PCR was carried out using the primer attached to 5'RACE 

2S kit and B9 primer. The conditions were 10 seconds at 98»C and 180 seconds at 72»C, for 5 cycles; 10 seconds at 

98»C and 180 seconds at 70'C. for 5 cycles; and 10 seconds at SS^C and 180 seconds at 68»C, for 36 cycles. Ex 
Taq (Takara Shuzo) was used as the DNA polymerase. The second PCR reactfon was carried out by using 1 ^1 of 
50-f oW dilutfoo of the first PCR mixture as the template under the same conditk)ns except that BB primer was used 
instead of B9 primer. After electrophoresis, a bandfoPDed of about 1 kb was recovered and subcloned by using 

30 a TA cloning kit (invitrogen), and sequence analysis was carried out according to the same manner as in the above 

(1 ) T h e presence of the 7-transmembiane receptor protein comprising 481 amino acWs (SEQ ID NO: 1 ) encoded 
by the nucleotkie sequence of from the 625th base (ATG; Met) to the 20671h base (T6C; Cys) as shown by Fig. 
1 has been confirmed based on the results of the dbove (1) and (2). Fig. 2 shows the result of hydrophobic plotting 
of this amino acid sequence. 

3S (3) The N-terminal sk*e of the above receptor protein was further examined and 5'RACE method at the 5 side was 

further carried out to determine a transcription inltlatwn codon. 

The foltowffig two primers were synthesized based on the translatkxi region of the receptor protein obtained In the 
at>ove (2). 

Bll: (SEQ ID HO« 11) 

5 ' -ATGAAGGGCACGGCACGACAAGAAACG-3 ' 

45 

B12: (SEQ ID NOj 12) 

5 ' -ATGACAATAGGGAGGCAGAAAAAGAGG- 3 ' 

so 

According to the same manner as in the above (2). a PCR template was prepared by using the above human fetal 
brain poly(A)*RNA (Clontech) or human cerebellum poly(A)-^RNA (Nippon gene). Then, according to the same manner 
as described In the above (2). twfce PCR were carried out by using the primer Bll instead of the primer B9 and the 
55 primer 81 2 instead of the primer 88. respectively to amplify the templates derived from the poly(A)*RNAs of the above 
intemal organs. After electrophoresis of the reaction product, a band formed was recovered, subctoned by TA cloning 
and then subjected to sequence analysis. 

As a result, the sequence obtained by combining the above (1) to (3) had the nucleotide sequence (SEO ID NO: 
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4) of from the 442nd base (ATC; Met) to the 2067th base (ICG; Oys) as shown h Fig. 3 and was confirmed that it 
encoded the 7-lransmembrane receptor protein comprising 542 amibb acids (SEQ ID: NO 2). The result of the hydro- 
phobic ptotting of this sequence is shown in Fig. 4 

The following primers were synthesized based on this sequence. 

5 

HEF: (SEQ ID NO; 13) 

5 ' -GTCGACGAGATGTGTGAGGGCAGCAAAGAGTGC-3 ' 

10 

HER-1: (SEQ ID NO: 14) 



»5 5 ' -TACTGGGGCCTCAGCAAGGTGTGCCCAG- 3 ' 

PGR was carried out by using these two primers to amplify the coding region for the receptor protein from human 
fetal brain cDNA library. After subcloning in E. coji. a clone wHhout any PGR error was selected ar^d transformed Into 
E. con HB101 to obtain the transformant. E. ^ HB101/pHEBF2. The DMA contained in the plasmid pHEBF2 has the 
20 nucleotide sequence represented by SEO ID NO: 4 (Fig. 3) anid the nucleotide sequence represented by SEO ID NO: 
3 is contained there'n. 

When PGR was carried out by using the above two primers under the conditions of 30 seconds at 95^0 and 90 
seconds at 68*C to amplify the coding region, the cDNA of the receptor protein as shown by Fig. 3 was obtained from 
fetal brain. 

2S In order to obtain the cDNA of the receptor protein form adult brain, HEF-2 primer was synthesized instead of HEF 

primer. 

HEF-2: (SEQ ID NOs 15) 
^ 5 ' -GTCGACa?GGCTGTCTCCT6CTCATCCAGCCAT-3 ' 

When aduti brain poty(A)^RNA was ampllHed by using the primers HEF-2 and HEF-1, the cDNA encoding the 
receptor protein shown in Fig. 1 was obtained. The N4ermtnat of this receptor protein was shorter than that of the 
35 receptor protein shown in Fig. 3 by 61 amino acids. 

The receptor protein shown in Fig. 1 has a cortsensus sequence called as Cossack sequence which indicates 
biitlation of translation just before the translation initiation codon and a defined signal sequerm in the N4ermln8} region. 
In view of these results, it has been foun^ that the receptpHDroteIn shown by Fig. 1 is predominantly expressed in adult 
brain. On the other fiand. cDNA er^coding the receptor protein shown by Fig. 3 is obtained from fetal brain and the 
40 presence of the long chain receptor protein shown by Fig. 3 has also been confirmed. 

Example 2 

Confirmation of expression specificity in various tissues 
45 Northern blot was carried out by using cDNA encoding the receptor protein of the present Invention contained In 

the plasmid pHEBF2 obtained in Example 1 as a probe. 

The cDNA was labeled with Amarsham*s multiprime kit and [^P]dCTP according to the manual of the i^it. Hybrid- 
ization was carried out by using human MTN Blot (Clonlech) and according to the manual attached thereto. Exposure 
of the filter to light was made as -80" C tor one week. As shown in Fig. 5. it has been found that this receptor protein 
50 mRNA is specifically expressed in brain. 

As described hereinabove, the G-protetn coupled receptor protein, its partial peptide or their salts and DNAs en* 
coding them of the present viventbn can be used (a) for determinatkxi of ligands, (b) tor obtaining antibodies and 
antisera. (c) for construction of recombinant receptor protein expression systems, (d) for devek>prnent of receptor 
binding assay systems and screening for drug candidate compounds by using the expression systems, (e) for practice 
55 of drug design based on comparison of structurally analogous ligand receptors, (f) as reagents tor preparing probes 
in gene diagnoses, PGR primers, etc.. (g) drugs for gene prophylactic and therapy, and the tike. 
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SEQUENCE LISTING 

^ (I) GENERAL INFORMATION 

(i) APPLICANT: Takeda Chemical Industries Ltd 

to (ii) TITLE OF THE INVENTION: Novel Human G-Protein Coupled Receptor Protein 

and its DNA 

(iii) NUMBER OF SEQUENCES: 1 5 

IS 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: SmithKline Beecham, Coiporate Intellectual Property 

(B) STREET: Two New Horizons Court 

(C) CITY: Brentford 

(D) COUNTY: Middlesex 

(E) COUNTRY: United Kingdom 

(F) POST CODE: TW8 9EP 

(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Diskette 

30 (B) COMPUTER: IBM Compatible 

(vi) CURRENT APPLICATON DATA: 

(A) APPLICATION NUMBER: . 
35 (B) FILING DATE: 

(Q CLASSinCATlON 

(vii) PRIOR APPUCATION DATA: 

^ (A) APPLICATION NUMBER: 286823/1996 

(B) FILING DATE: 29 October 1996 

(viii) ATTORNEY/AGENT INFORMATION: 
^ (A) NAME: CONNELL, Anthony Christopher 

(B) GENERAL AUTHORISATION NUMBER: 

(C) REFERENCE/DOCKET NUMBER: TAK5O0O3 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TLEEPHONE: +44 1 27 964 4395 

(B) TELEFAX: +44 181 975 6294 
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(2) INFORMATION FOR SEQ ID NO: 1 
(i) SEQUENCE GHARACTERISTICS: 

(A) LENGTH: 481 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 



(ii) MOLECULAR TYPE: peptide 

,5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 : 

Met Arg Trp Leu Tip Pro Leu Ala Val Ser Leu Ala Val He Leu Ala 
15 10 15 

20 

Val Gly Leu Ser Arg Val Ser Gly Gly Ala Pro Leu Ifis Leu Gly Arg 
20 25 30 

His Arg Ala Glu Thr Gin Glu Gin Gin Ser Arg Ser Lys Arg Gly Thr 
35 40 45 

Glu Asp Glu Giu Ala Lys Gly Val Gin Gin Tyr Val Pro Glu Glu Trp 
50 55 60 

Ala Glu Tyr Pro Arg Pro He His Pro Ala Gly Leu Gin Pro Thr Lys 
35 65 70 75 80 

Pro Leu Val Ala Thr Ser Pro Asn Pro Asp Lys Asp Gly Gly Thr Pro 
85 90 95 

40 Asp Ser Gly Gin Glu Leu Arg Gly Asn Leu Thr Gly Ala Pro Gly Gin 

100 105 110 

Arg Leu Gin lie Gin Asn Pro Leu Tyr Pro Val Thr Glu Ser Ser Tyr 
« 115 120 125 

Ser Ala Tyr Ala He Met Leu Leu Ala Leu Val Val Phe Ala Val Gly 
130 135 140 



He Val Gly Asn Leu Ser Val Met Cys He Val Tip His Ser Tyr Tyr 

145 150 155 160 

Leu Lys Ser Ala Trp Asn Ser He Leu Ala Ser Leu Ala Leu Trp Asp 
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165 170 175 

Phe Leu Val Leu Phe Phc Cys Leu Pro He Val lie Phe Asn Glu He 
180 185 190 

Thr Lys Gin Arg Leu Leu Gly Asp Val Ser Cys Arg Ala Val Pro Phe 
195 200 205 

Met Glu Val Ser Ser Leu Gly Val Thr Thr Phe Ser Leu Cys Ala Leu 
210 215 220 

Gly He Asp Arg Phe His Val Ala Thr Ser Thr Leu Pro Lys Val Arg 
225 230 235 240 

Pro He Glu Arg Cys Gin Ser lie Leu Ala Lys Leu Ala Val He Trp 
245 250 255 

Val Gly Ser Met Thr Leu Ala Val Pro Glu Leu Leu Leu Trp Gbi Leu 
260 265 270 

Ala Gbi Glu Pro Ala Pro Thr Met Gly Thr Leu Asp Ser Cys lie Met 
275 280 285 

Lys Pro Ser Ala Ser Leu Pro Glu Ser Leu Tyr Ser Leu Val Met Thr 
290 295 300 

Tyr Ghi Asn Ala Arg Met Trp Trp Tyr Phe Gly Cys Tyr Phc Cys Leu 
305 310 315 320 

Pro He Leu Phe Thr Val Thr Cys Ghi Leu Val Thr Trp Arg Val Arg 
325 330 335 

Gly Pro Pro Gly Arg Lys Ser Glu Cys Arg Ala Ser Lys His Glu Gta 
340 345 350 

Cys Glu Scr Ghi Leu Asn Ser Thr Val Val Gly Leu Thr Val Val Tyr 
355 360 365 

Ala Phe Cys Thr Leu Pro Glu Asn Val Cys Asn He Val Val Ala Tyr 
370 375 380 

Leu Ser Thr Glu Leu Thr Arg Gin Thr Leu Asp Leu Leu Gly Leu He 
385 390 395 400 
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Asn Gin Phe Ser Thr Phe Phc Lys Gly Ala He Thr Pro Val Leu Leu 
405 410 415 

5 

Leu Cys He Cys Arg Pro Leu Gly Gin Ala Phe Leu Asp Cys Cys Cys 
420 425 430 

'« Cys Cys Cys Cys GIu GIu Cys Gly Gly Ala Ser Glu Ala Ser Ala Ala 

435 440 445 



Asn Gly Ser Asp Asn Lys Leu Lys Thr Glu Val Ser Ser Ser He Tyr 
450 455 460 

Phe His Lys Pro Aig Glu Ser Pro Pro Leu Leu Pro Leu Gly Thr Pro 

465 470 475 480 

Cys 



(3) INFORMATION FOR SEQ ID NO: 2 
ss (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 542 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 
a> (D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



Met Cys Pro Ala GIu Gly Pro Ak Arg Pro Val Ala Gly Gly Trp Glu 
15 10 15 

Gly Gly Gin Ala Ser Asp Ala Aig Arg Leu Thr Gly Gly Gly Ser Ser 
20 25 30 

Arg Pro Ala Ala Ser Leu Glu Pro Ser Ser Trp Ala Pro Cys Thr His 
35 40 45 

60 Leu Leu Phe Leu Gly Trp Leu Ser Pro Ala His Pro Ala Met Arg Trp 

50 55 60 

Leu Tip Pro Leu Ala Val Ser Leu Ala Val He Leu Ala Val Gly Leu 
ss 65 70 75 80 
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Ser Arg Val Scr Gly Gly Ala Pro Leu His Leu Gly Arg His Arg Ala 
85 90 95 

Glu Thr Gin Glu Gin Gin Ser Arg Scr Lys Arg GlyThr Glu Asp Glu. 

too 105 no 

Glu Ala Lys Gly Val Gin Gin Tyr Val Pro Glu Glu Trp Ala Glu Tyr 
115 120 125 



Pro Arg Pro He His Pro Ala Gly Leu Gin Pro Thr Lys Pro Leu Val 
»« 130 135 140 

Ala Thr Ser Pro Asn Pro Asp Lys Asp Gly Gly Thr Pro Asp Ser Gly 
145 150 155 160 

Gin Glu Leu Arg Gly Asn Leu Thr Gly Ala Pro Gly Gin Arg Leu Gin 
165 170 175 



lie Gin Asn Pro Uu Tyr Pro Val Thr Glu Ser Ser Tyr Ser Ala Tyr 
180 18S 190 

Ala He Met Leu Uu Ala Leu Val Val Phe Ala Val Gly He Val Gly 
195 200 205 

Asn Leu Ser Val Met Cys He Val Trp His Ser Tyr Tyr Leu Lys Ser 
210 215 220 



Ala Trp Asn Ser Uc Leu Ala Ser Leu Ala Leu Tip Asp Phe Leu Val 
225 230 235 240 

Leu Phe Phe Cys Leu Pro He Val He Phe Asn Glu He Thr Lys Gin 
■» 245 250 255 

Arg Leu Leu Gly Asp Val Ser Cys Arg Ala Val Pro Phe Met Glu Val 
260 265 270 



Scr Scr Leu Gly Val Thr Thr Phe Ser Leu Cys Ala Leu Gly lie Asp 
275 280 285 

Arg Phe His Val Ala Thr Ser Thr Leu Pro Lys Val Arg Pro He Glu 
290 295 300 

Arg Cys Gin Ser He Leu Ala Lys Leu Ala Val lie Trp Val Gly Ser 
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Met Thr Leu Ala Val Pro Glu Leu Leu Leu Tip Gin Leu Ala Gin Glu 
325 330 335 

Pro Ala Pro Thr Met Gly Thr Leu Asp Set Cys He Met Lys Pro Ser 
340 345 350 

Ala Ser Leu Pro Glu Ser Leu Tyr Ser Leu Val Met Thr Tyr Gin Asn 
355 360 365 

Ala Arg Met Trp Trp Tyr Phe Gly Cys Tyr Phe Cys Leu Pro He Uu 
370 375 380 

Phe Thr Val Thr Cys Gin Leu Val Thr Tip Arg Val Aig Gly Pro Pro 
385 390 395 400 

Gly Arg Lys Ser Glu Cys Arg Ala Ser Lys His Glu Gin Cys Glu Ser 
405 410 415 

Ghi Leu Asn Ser Thr Val Val Gly Leu Thr Val Val Tyr Ala Phe Cys 
420 425 430 

Tlir Leu Pro Glu Asn Val Cys Asn He Val Val Ala Tyr Leu Ser Thr 
435 440 445 

Glu Leu Thr Arg Gin Thr Leu Asp Leu Leu Gly Leu He Asn Gin Phe 
450 455 460 

Ser Thr Phe Phe Lys Gly Ala He Thr Pro Val Leu Leu Leu Cys lie 
465 470 475 480 

Cys Arg Pro Leu Gly Gin Ala Phe Leu Asp Cys Cys Cys Cys Cys Cys 
485 490 495 

Cys Glu Glu Cys Gly Gly Ala Ser Glu Ala Ser Ala Ala Asn Gly Ser 
500 505 510 

Asp Asn Lys Leu Lys Thr Glu Val Ser Ser Ser He Tyr Phe His Lys 
515 520 525 

Pro Arg Glu Ser Pro Pro Leu Leu Pro Leu Gly Thr Pro Cys 
530 535 540 
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(4) INFORMATION FOR SEQ ID NO: 3 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1443 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

ATGCGGTGGC TGTGGCCCCT GGCTGTCTCT CTTGCTGTGA TTTTGGCTGT 
GGGGCTAAGC 
60 

AGGGTCTCTG GGGGTGCCCC CCTGCACCTG GGCAGGCACA GAGCCGAGAC 
CCAGGAGCAG 
120 

CAGAGCCGATCCAAGAGGGG CACCGAGGAT GAGGAGGCCA 
AGGGCGTGCA GCAGTATGTG 
180 

CCTGAGGAGT GGGCGGAGTA CCCCCGGCCC ATTCACCCTG CTGGCCTGCA 
GCCAACCAAG 
240 

CCCTTGGTGG CCACCAGCCC TAACCCCGAC AAGGATGGGG GCACCCCAGA 
CAGTGGGCAG 
300 

GAACTGAGGG GCAATCTGAC AGGGGCACCA GGGCAGAGGC 
TACAGATCCA GAACCCCCTG 
360 

TATCCGGTGA CCGAGAGCTC CTACAGTGCC TATGCCATCA TGCTTCTGGC 
GCTGGTGGTG 

420 

TTTGCGGTGG GCATTGTGGG CAACCTGTCG GTCATGTGCA TCGTGTGGCA 
CAGCTACTAC 
480 

CTGAAGAGCG CCTGGAACTC CATCCTTGCC AGCCTGGCCC TCTGGGATTT 
TCTGGTCCTC 
540 

IIUI CTGCC TCCCTATTGT CATCTTCAAC GAGATCACCA AGCAGAGGCT 

ACTGGGTGAC 

600 
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GnTCTTGTC GTGCCGTGCC CTTCATGGAG GTCTCCTCTC TGGGAGTCAC 
GACTTTCAGC 

CTCTGTGCCC TGGGCATTOA CCGCTTCCAC GTGGCCACCA GCAGCCTGCC 
CAAGGTGAGG 

C^CATCOAGC GOTGCCAATC CATCCTGOCC AAOTTGOCTO TCATCTGOOT 
GGGCTCCATG 

IcGCTGGCTG TGCCTGAGCT CCTGCTGTGG CAGCTOGCAC AGGAGCCTGC 
CCCCACCATG 

^ACCCTOG ACTCATOCAT CATOAAACCC TCAGCCAGCC TOCCCOAOTC 
CCTGTATTCA 

CTGGTGATGA CCTACCAGAA CGCCCGCATG TGGTGGTACT TTGGCTGCTA 
CTTCTGCCTG 

CCCATCCrCT TCACAGTCAC CTGCCAGCTG GTGACATGGC GGGTGCGAGG 
CCCTCCAGGG 

A^AAGTCAG AGTGCAGGGC CAGCAAGCAC GAGCAGTGTG 
AGAGCCAGCT CAACAGCACC 

GT^TGGGCC TGACCGTGGT CTACGCCTTC TGCACCCTCC CAGAGAACGT 

ctgcaacatc 

gt'ggtggcct acctctccac cgagctgacc cgccagaccc tggacctcct 
gggcctcatc 

!S^CAGTTCT CCACCTTCTT CAAGGGCGCC ATCACCCCAG TGCTGCTCCT 
TTGCATCTGC 

AGGCCGCTGG GCCAGGCCTT CCTGOACTGC TGCTGCTGCT GCTGCTGTGA 
GGAGTGCGGC 

JSoGCrrCGG AGGCCTCTGC TGCCAATGGG TCGGACAACA AGCTCAAGAC 
CGAGGTGTCC 

TCTTCCATCT ACTTCCACAA GCCCAGGGAG TCACCCCCAC TCCTGCCCCT 
GGGCACACCT 
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1440 
TGC 
1443 

(5) INFORMATION FOR SEQ ID NO: 4 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1626 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

ATGTGTCCAG CAGAGGGCCC TGCCCGGCCT GTOGCCGGAG GCTGGGAOGG 
AGGGCAGGCG 
60 

AGTGATGCCA GACGCCTGAC TGGAGGCGGA TCCAGCCGGC CAGCTGCCTC 
TCTGGAGCCC 
120 

AGCTCTTGGG CCCCCTGTAC TCACCTGCTC TTCCTGGGCT GGCTGTCTCC 
TGCTCATCCA 
180 

GCCATGCGGT GGCTGTGGCC CCTGGCTGTC TCTCTTGCTG TGATTTTGGC 
TGTGGGGCTA 
240 

AGCAGGGTCT CTGGGGGTGC CCCCGTGCAC CTGGGCAGGC ACAGAGCCGA 

GACCCAGGAG 

300 

CAGCAGAGCC GATCCAAGAG GGGCACCGAG GATGAGGAGG 

CCAAGGGCGT GCAGCAGTAT 

360 

GTGCCTGAGG AGTGGGCGGA GTACCCCCGG CCCATTCACC CTGCTGGCCT 

GCAGCCAACC 

420 

AAGCCCTTGG TGGCCACCAG CCCTAACCCC GACAAGGATG GGGGCACCCC 
AGACAGTGGG 
480 

540 CAGGAACTGA GGGGCAATCT GACAGGGGCA CCAGGGCAGA 
GGCTACAGAT CCAGAACCCC 
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CTGTATCCGG TGACCGAGAG CTCCTACAGT GCCTATGCCA TCATGCTTCT 
GGCGCTGGTG 

CTGTTTGCGG TGGGCATTGT GGGCAACCTG TCGGTCATGT GCATCGTGTG 
GCACAGCTAC 

TfcCTGAAGA GCGCCTGGAA CTCCATCCTT GCCAGCCTGG CCCTCTGGGA 
TTTTCTGOTC 

CTcmrrcT gcctccctat tgtcatcttc aacgagatca ccaagcagag 
gctactgggt 

gacgtttctt gtcgtgccgt gcccttcatg gaggtctcct ctctgggagt 
cacgactttc 

agcctctgtg ccctgggcat tgaccgcttc cacgtggcca ccagcaccct 
gcccaaggtg 

Iggcccatcg agcggtgcca atccatcctg gccaagttgg ctgtcatctg 

GGTGGGCTCC 

Itgacgctgg ctgtgcctga gctcctgctg tggcagctgg cacaggagcc 
tgcccccacc 

atSggcaccc tggactcatg catcatgaaa ccctcagcca gcctgcccga 
gtccctgtat 

tcSctggtga tgacctacca gaacgcccgc atgtggtggt Acrn-GGCTG 

CTACTTCTGC 

CTGCCCATCC TCTTCACAGT CACCTGCCAG CTGGTGACAT GGCGGGTGCG 

AGGCCCTCCA 

1200 

GGGAGGAAGT CAGAGTGCAG GGCCAGCAAG CACGAGCAGT 
GTGAGAGCCA GCTCAACAGC 

ACCGTGGTGG GCCTGACCGT GGTCTACGCC TTCTGCACCC TCCCAGAGAA 

CGTCTGCAAC 

1320 
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ATCGTGGTGG CCTACCTCTC CACCGAGCTG ACCCGCCAGA CCCTGGACCT 

CCTGGGCCTC 

1380 

ATCAACCAGT TCTCCACCTT CTTCAAGGGC GCCATCACCC CAGTGCTGCT 

CCTTTGCATC 

1440 

TGCAGGCCGC TGGGCCAGGC CTTCCTGGAC TGCTGCTGCT GCTGCTGCTG 

TGAGGAGTGC 

1500 

GGCGGGGCTT CGGAGGCCTC TGCTGCCAAT GGGTCGGACA ACAAGCTCAA 
GACCGAGGTG 

1560 

TCCTCTTCCA TCTACTTCCA CAAGCCCAGG GAGTCACCCC CACTCCTGCC 

CCTGGGCACA 

1620 

CCTTGC 
1626 

(6) INFORMATION FOR SEQ ID NO: 5 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 426 

(B) TYPE: nucleic acid 

(Q STRANDEDNESS: double 
p) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

TGCAATCCAT CCTGGCCAAG TTGGCTGTCA TCTGGGTGGG CTCCATGACG 
CTGGCTGTGC 
60 

CTGAGCTCCT GCTGTGGCAG CTGGCACAGO AGCCTGCCCC CACCATGGGC 
ACCCTGGACT 
120 

CATGCATCAT GAAACCCTCA GCCAGCCTGC CCGAGTCCCT GTATTCACTG 
GTGATGACCT 
180 

ACCAGAACGC CCGCATGTGG TGGTACTTTG GCTGCTACTT CTGCCTGCCC 
ATCCTCTTCA 
240 
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CAGTCACCTG CCAGCTGGTG ACATGGCGGG TGCGAGGCCC TCCAGGGAGG 
AAGTCAGAGT 

^Igggccag CAAGCACGAG CAGTGTGAGA GCCAGCTCAA CAGCACCOTG 
GTGGGCCTGA 

CCGTGGTCTA CGGCnnTG CAACCTTCCA GAGAACGTTT GCAACATCGT 

GGTGGGCTTA 
420 

CCTTTT 
426 

(7) INFORMATION FOR SEQ ID NO: 6 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 248 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

AACAAGGGCC GTGGTCTACG NCTTCTGCAC CCTCCCANAG AACGTCTGCA 
ACATCGTGGT 

GGCCTACCTC TCCACCGAGC TGACCCGCCA GNCCCTGGAC CTCCTGGGCC 
TCATCAACCA . 

GTTCTCCACC TTCTTCAAGG GCGCCATCAC CCCAGTGCTG CTCCITTGCA 
TCTGCAGGCC 

^GGGCC AG GCCrrCCTGG ACTGCTGCTG CTGCTGCTGC TGTNAGGAGT 



TO 



15 



20 



2B 
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GCGGCGGGGC 
240 

TTCGGAGG 
248 



(8) INFORMATION FOR SEQ ID NO: 7 
(i) SEQUENCE CHARACTERISTICS: 
55 (A) LENGTH: 26 
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(B) TYPE: nucleic acid 

(C) STRANDEDNfESS: single 
J (D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: synthetic DNA 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

AAGTTGGCTGTCATCTGGGTGGGCTC 26 

(9) INFORMATION FOR SEQ ID NO: 8 
« (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



so 



(ii) MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TGAGCTCCTG CTGTGGCAGC TGGCACAG 28 

so (10) INFORMATION FOR SEQ ID NO: 9 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 

(B) TYPE: nucleic acid 

35 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



40 



45 



SO 



55 



(ii) MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CATGCGGGCO TTCTGGTAGG TCATCAC 27 

(11) INFORMATION FOR SEQ ID NO: 10 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(11) MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GAAGAGGATGGGCAGGCAGAAGTAGCAG 28 

(12) INFORMATION FOR SEQ ID NO: 1 1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 

(B) TYPE: nucleic acid 

,6 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: synthetic DNA 

so 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 1: 
ATGAAGGGCACGGCACGACAAGAAACG 27 

(13) INFORMATION FOR SEQ ID NO: 12 
(!) SEQUENCE CHARACTERISTICS: 

^ (A) LENGTH: 27 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 

(ii) MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

40 

ATGACAATAGGGAGGCAGAAAAAGAGG 27 

(14) INFORMATION FOR SEQ ID NO: 13 
^ (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: syntiietic DNA 

55 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
GTCGACGAGA TGTGTGAGGG CAGCAAAGAG TGC 33 

( 1 5) INFORMATION FOR SEQ ID NO: 14 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
TACTGGGGCC TCAGCAAGOT GTGCCCAG 28 

(16) INFORMATION FOR SEQ ID NO: 15 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

GTCGACTGGC TGTCTCCTGC TCATCCAGCC AT 32 



41 

(C) 2001 Copyright Derwent Information Ltd. 



10 



IS 



20 



2S 



30 



3S 



4S 



SO 



EP0845 529A2 
SEQUENCE LISTING 



INFORMATION FOR SEQ ID NO: 1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 481 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 



Net Ars Irp Leu Irp Pro Leu Ala Val Ser Leu AU Yal He Leu Ala 

1 5 10 15 

Val Gly Leu Ser Art Val Ser Gly Gly Ala Pro Leu Bis Leu Gly Arg 

20 25 30 

His Atg Ala Glu Ihr Gin Glu Gin Gin Ser Art Ser Lys Arg Gly Thr 

35 40 45 

Glu Asp Glu Glu Ala Lys Gly Val Gin Gin Tyr Val Pro Glu Glu Irp 

SO 55 60 

Ala Glu Tyr Pro Ars Pro He His Pro Ala Gly Leu Gin Pro Ihr Lys 
65 70 75 80 

Pro Leu Val Ala Thr Ser Pro Asn Pro Asp Lys Asp Gly Gly Thr Pro 

85 90 95 

Asp Ser Gly Gin Glu Leu Arg Gly Asn Leu Thr Gly Ala Pro Gly Gin 
100 105 110 



55 
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htt Leu Gin lie. C1& Asn Pro Leu Tyt Pro Val Tbr Glu Ser Ser Tyr 

115 120 125 

Ser Ala Tyr Ala He Het Leu Leu Ala Leu Val Val Phe Ala Val Gly 

130 135 140 

He Val Gly Asn Leu Ser Val Met Cys He Val Trp His Ser Tyr Tyr 
145 ISO 155 160 

Leu Lys Ser Ala Trp Asn Ser He Leu Ala Ser Leu Ala Leu Trp Asp 

165 170 175 

Phe Leu Val Leu Phe Phe Cys Leu Pro He Val He Phe Asn Clu He 

180 IBS 180 

Thr Lys Gin Arg Leu Leu Gly Asp Val Ser Cys Ara Ala Val Pro Phe 

195 200 205 

Het Glu Val Ser Ser Leu Gly Val Thr Thr Phe Ser leu Cys Ala Leu 

210 215 220 

Gly He Asp Are Phe His Val Ala Thr Ser Thr Leu Pro Lys Val Ars 
225 230 235 240 

Pro He Glu Arg Cys Gin Ser He Leu Ala Lys Leu Ala Val He Trp 

245 250 255 

Val Gly Ser Het Thr Leu Ala Val Pro Glu Leu Leu Leu Trp Gin Leu 

260 265 270 

Ala Gin Glu Pro Ala Pro Thr Het Gly Thr Leu Asp Ser Cys He Het 
275 280 285 
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hys Pro Ser Ala Ser 
290 

Tyr CIb Asn Ala Arf 

305 

Pro lie Leu Pbe Thr 
325 

Cly Pro Pro Gly Arg 
340 

Cys Glu Ser Gin Leu 

355 

Ala Pbe Cys Tbr Leu 
370 

lea Ser Thr Glo Lea 
385 

Asn Gin Phe Ser Thr 
405 

Leu Cys He Cys Ar( 
420 

Cys Cys Cys Cys Gla 
435 

Ass Gly Ser Asp Asn 
450 

Phe His Lys Pro Ars 

465 

Cys 
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Leu Pro Glu Ser Leu Tyr 
285 

Het Trp Trp Tyr Phe Cly 
310 315 
Val Tbr Cys Gin Leu Val 
330 

Lys Ser Glu Cys Arg Ala 
345 

Asa Ser Thr Val Val Cly 
360 

Pro Glu AsD Val Cys Asn 
375 

Thr Arc Gin Thr Leu Asp 
390 395 
Phe Phe Lys Gly Ala He 

410 

Pro Leu Gly Gin Ala Pbe 
425 

Glu Cys Gly Gly Ala Ser 
440 

Lys Leu Lys Thr Glu Val 
455 

Glu Ser Pro Pro Leu Leu 
470 475 



Ser Leu Val Met Thr 
300 

Cys Tyr Pbe Cys Leu 

320 

Thr Trp kit Val Ar« 
335 

Ser Lys His Glu Gin 
3S0 

Leu Thr Val Val Tyr 

365 

He Val Val Ala Tyr 
380 

Leu Leu Gly Leu He 
400 

Thr Pro Val Leu Leu 
415 

Leu Asp Cys Cys Cys 
430 

Gla Ala Ser Ala Ala 
445 

Ser Ser Ser He Tyr 
460 

Pro Leu Cly Thr Pro 
480 
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INFORMATION FOR SEQ ID NQ: 2 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 542 

(B) TYPE: amino acid 

(C) STRANDEDNESS s 

(D) TOPOLOGY I linear 

(ii) MOLECULAR TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2t 



Hat Cys Fro Ala Clu Gly Pro Ala Arg Pro Yal Ala Gly Gly Trp Glu 

15 10 15 

Gly Gly Gin Ala Ser Aap Ala Ars Arg Leu Thr Gly Gly Gly Ser Sar 

20 25 30 

Arc Pro Ala Ala Ser Leu Glu Pro Ser Ser Trp Ala Pro Cya Thr His 

35 40 45 

leu Leu Phe Leu Gly Trp Leu Ser Pro Ala Hie Pro Ala Net Arg Trp 

50 55 60 

Leu Trp Pro Leu Ala Val Ser Leu Ala Val lie Leu Ala Val Gly Leu 
65 70 75 80 

Ser Arg Val Ser Gly Gly Ala Pro Leu Bis leu Gly Arg Bis Arg Ala 
85 90 95 

40 Glu Thr. Gin Glu Gin Gin Ser An Ser Lys Arg Gly Thr Clu Asp Glu 

100 105 110 

Glu Ala Lys Gly Val Gin Gin Tyr Val Pro Glu Glu Trp Ala Glu Tyr 

115 120 125 

Pro Arg Pro He His Pro Ala Gly Leu Gin Pro Thr Lys Pro Leu Val 
so 130 135 140 

Ala Thr Ser Pro Asa Pro Asp Lys Asp Gly Gly Thr Pro Asp Ser Gly 
145 150 155 160 

55 



45 



(C) 2001 Copyright Derwent Information Ltd. 



EP0845 520A2 



cm Clu Leu Ar« Cly Asn Leu Thr Gly Ala Pro Gly Cln Ar« Leu Gin 

165 170 175 

He Gla Asa Pro Leu Tyr Pro Val Thr Glu Ser Ser Tyr Ser Ala lyr 

180 185 190 

Ala He Het Leu Leu Ale Leu Val Val Phe Ale Val Gly He Val Gly 

195 200 205 

Asa Leu Ser Vel Met Cys He Val Irp His Ser Tyr Tyr Leu Lys Ser 

210 215 
Ale Irp Asa Ser He Leu Ala Ser Leu Ala Leu Trp Asp Phe Leu Val 
225 230 235 240 

Leu Phe Phe Cys Leu Pro He Val Ho Phe Asa Glu He Thr Lys Cla 

245 250 255 

Ar« leu Leu Gly Asp Val Ser Cys Arg Ala Val Pro Phe Met Glu Val 

260 265 270 

Sex Ser leu Gly Val Thr Thr Phe Ser leu Cys Ale Lou Gly He Asp 

275 280 285 

Ar« Phe His Val Ala Thr Ser Thr Leu Pro Lys Val Ar« Pro He Glu 

290 295 300 

Ar« Cys.Gla Ser He leu Ale Lys Leu Ala Val He Trp Val Gly Ser 
305 310 315 320 

Met Thr leu Ala Val Pro Glu Leu Leu Leu Trp Gla Leu Ala Glo Glu 

325 330 335 

Pro Ala Pro Thr Met Gly Thr Leu Asp Ser Cys He Met Lys Pro Ser 

340 345 350 

Ala Ser Leu Pro Glu Ser Leu Tyr Ser Leu Val Met Thr Tyr Gin Asn 
355 3B0 365 
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Ala krt Met Trp Trp Tyr Phe Cly Cys Tyt Pbe Cyz Leu Pro He Leu 

370 375 380 

Phe Thr Val Thr Cys Gin Leu Val Ihr Trp Ar« Val Axg Cly Pro Pro 
385 390 395 400 

Gly Arg Lys Ser Glu Cys Arc Ala Ser Lys His Glu Gin Cys Clu Ser 

405 410 415 

Gin Leu Asn Ser Thr Val Val Gly Leu Thr Val Val Tyr Ala Phe Cys 

420 425 430 

Thr Leu Pro Glu Asn Val Cys Asn lie Val Val Ala Tyr Leu Ser Thr 

435 440 445 

Glu Leu Thr An Gin Thr Leu Asp Leu Leu Gly Leu He Asn Cln Phe 

450 455 460 

Ser Thr. Phe Phe Lys Gly Ala He Thr Pro Val Leu Leu Leu Cys He 
465 470 475 480 

Cys Ars Pro Leu Gly Gin Ala Phe Leu Asp Cys Cys Cys Cys Cys Cys 

485 490 495 

Cys Glu Glu Cya Gly Gly Ala Ser Glu Ala Ser Ala Ala Asn Gly Ser 

500 505 510 

Asp Asn Lys Leu Lys Thr Glu Val Ser Ser Ser He Tyr Phe His Lys 

515 520 525 

Pro Ars Glu Ser Pro Pro Leu Leu Pro Leu Gly Thr Pro Cys 
530 535 540 



so 



55 



k 
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INFORMATION FOR SEQ ID NOs 3 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH: 1443 

(B) TYPE: nucleic acij 
IC) STRAMDEDNBSS: double 
(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



ATGCGGTGGC TGTGGCCCCT GGCTGTCTCT CTTGCTGTGA TTTTGCCTGT GGGGCTAAGC 60 

ACGGTCTCTG GGGCTGCCCC CCTGCACCIG GGCAGGCACA GAGCCGAGAC CCAGCAGCAG 120 

CAGAGCCCAT CCAACAGGGC CACCCAGCAT GAGGAGGCCA AGG6CGTGCA GCAGTATGTG 180 

CCTCAGGAGT GGGCGGAGTA CCCCCGGCCC ATTCACCCTG CT6CCCTGCA GCCAACCAAG 240 

CCCTTGGTGG CCACCAGCCC TAACCCCGAC AAGGATGC6G GCACCCCAGA CAGTGGGCAG 300 

GAACTGAGCG GCAATCTGAC AGGGGCACCA GGGCAGAGGC TACAGATCCA GAACCCCCTC 360 

TATCCCGTGA CCGAGAGCIC CTACAGTCCC TATGCCATCA TGCTTCTGGC GCTGGTGGTG 420 

TTTGCGGTGG GCATTGTGGC CAACCTGTCG GTCATGTGCA TCGTGTCCCA CAGCTACTAC 480 
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CTGAAGAGCG CCTGGAACIC CATCCTTCCG AGCCTGGCCC TCTGGCATTT TCI6GTCCTC 540 
TTTTTCTGCC TCCCTATTGT CATCTTCAAC CAGATCACCA AGCACAGCCI ACTCGGTGAC 600 



CTTTCTTGIC GTGCCGTGCC CTTCATGGAG GTCTCCTCTC TCGGACTCAC GACTTTCAGC 660 

CTCIGTGGCC TOGGCATTGA CCGCTTCCAC GTGGCCACCA GCACCCICCC CAAGGTGAGC 720 

CCCATCGAGC GOTGCCAATC CATCCTGGCC AAGITGGCTG TCATCrCGGI GGGCTCCATG 780 

ACGCTGGCIG TGCCTGAGCT CCTGCTCTGG CAGCTGGCAC AGGAGCCTGC CCCCACCATG 840 

GGCACCCTGC ACTCATGCAT CATGAAACCG TCAGCCAGCC IGCCCGAGTC CCTGTATTCA 900 

CTGGTGATGA CCTACCACAA CGCCCGCATG TGGTGGTACT TTCGCTGCTA CTTGTGCCTG 960 

CGCATCCTCT TCACAGICAC CTGCCACCTG GTGACATGGC GGGTGCGAGG CCCTCCAGGC 1020 

AGGAAGTCAG ACIGCAGGGC CAGCAAGCAC CAGCAGTGTG AGAGCCAGCI CAACAGCACC 1080 

GTGGI66GCC TGACCGTGGI CTACGCCTTC IGCACCCTCC CACAGAACGI CTGCAACATC 1140 

GTGGTG6CCT ACCTCTCCAC CGAGCTGACC CGCCACACCC IGCACCICCT GGOCCTCATC 1200 

AACCA6TTCT CCACCTTCTT CAAGGCCGCC ATCACCCCAG TGCTGCTCCT TTGCATCTGC 1280 

AGGCCGCTGG GCCAGCCCTT CCTGGACTCC TGCTGCTGCT 6CT0CIGTGA GGAGTGCGGC 1320 

GGCCCTTCCG AGGCCTCTGC TGCCAATGGG TCCGACAACA AGCTCAAGAC CGAGGTGTCC 1380 

TCTTCCATCT ACTTCCACAA GCCCACGGAG TCACCCCCAC TCCTGCCCCT GGCCACACCT 1440 



5 
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BO 
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INFORMATION FOR SEQ ID NO: 4 

(ii SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1626 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

ATGTGTCCAG CAGAGGCCCC TCCCCGCCCT CTGGCCGCAG GCTCGGAGGG AGGGCAGGCG 80 

AGTGATGCCA GACCCCTGAC TGGAGGCGGA ICCAGCCCGC CAGCTGCCTC TCTGGAGCCC 120 

ACCTCTTOCG CCCCCIGTAC TCACCIOCTC TTCCTGGGCT GGCTGTCTCC TGCTCATCCA 180 

GCCATCCGGT GGCTGTGGCC CCTGGCTGTC TCTCTTGCTC TGATTTT6GC TGTGGCGCTA 240 
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ACCAGGGTCT CTGGG6GTGC CCCCCTCCAC CTG6CCAGGC ACAGAGCCGA GACCCAGGAG 300 
CAGCAGAGCC CATCCAAGAG GCGCACCGAG GATGA6GAGG CCAAGGGCCT GCACCAGTAT 360 
GTGCCTGAGG AGIGGCCGGA GTACCCCGGG CCCATTCACC CIGCTGGCCT CCAGCCAACC 420 
AAGCCCTTCG TGGCCACCAG CCCTAACCCC GACAAG6ATG GGGCCACCCC AGACAGTGGC 480 
CAGCAACIGA GGGGCAATCT GACAGCGGCA CCAGGGCAGA GGCTACAGAI CCAGAACCCC 540 
CIGTAICCGG TCACC6ACAG CTCCTACAGT GCCTATCCCA TCATOCTICT GGCGCTGGIC 600 
CTGTTTGCGG TGCGCATTGT GGGCAACCTG ICGGTCATCT CCATCGTGTG GCACAGCTAC 660 
TACCTGAAGA CCGCCTGGAA CTCCATCCTT GCCAGCCTGG CCCTCTGGGA niTCIGGTC 720 
CTCTTITICI GCCTCCCTAT TGTCATCTTC AACGAGATCA CCAAGCAGAG GCTACTGCGT 780 
GACGTTTCTT 6ICGTGCC6T GCCCTTCAIG GAGGTCTCCT CrCTGCGAGI CACGACTTTC 840 
AGCCTCIGTG CCCTCGGCAT TGACCCCJTC CACCTGGCCA CCAGCACCCT CCCCAACGTG 900 
AGGCCCATCG A6CGGT6CCA ATGCATCCTC GCGAAGTTGG CIGTCAICTG CGTGGGCTCC 980 
ATGACCCTGG CTGICCCTGA GCTCCTGCTG TGGCAGCTGG CACAGCAGCC TGCCCCCACC 1020 
ATCGGCACCC TGGACTCATG CATCAT6AAA CCCTCAGCCA GCCICCCCGA 6TCCCTGTAT 1080 
TCACTGGTGA TGACCTACCA GAACGCCCGC AIGTGGTGGT ACTTT6GCTG CTACTTCT6C 1140 
CTGCCCATCC TCTTCACAGT CACCTGCCAG CTGGTGACAT GCCGGGTCCG AGGCCCTCCA 1200 
GG6AGGAAGT CAGAOTGCAG GGCCAGCAA6 CACCAGCAGI GTGAGACCCA GCTCAACAGC 1260 
ACCOTCGTCG 6CCTGACCGT GGTCTACCCC TTCTGCACCC TCCCAOAGAA CGTCIGCAAC 1320 
ArCGTGGTCG CCTACCTCTC CACCGACCTG ACCCGCCAGA CCCTGGACCT CCTCGGCCTC 1380 
ATCAACCACI TCTCCACCTT CnCAAGCGC GCCATCACCC CAGTGCTCCT CCITIGCAIC 1440 
TGCAGGCCGC TCGGCCAOGC CTTCCIGGAC TGCTGCIGCI GCTCCTGCTG TGAGGAGTGC 1500 
GCCGGGGCTT CGGAGCCCTC TGCTCCCAAT GGGTCGGACA ACAAGCTCAA GACCGAGGTG 1560 
TCCTCITCCA. TCTACTTCCA CAACCCCAGG CAGTCACCCG CACTCCTGCC CCIGGGCACA 1620 

1626 
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INFORMATIOH FOR SEQ ID NO: 5 
(i) SBQUBHCB CHARACTERISTICS* 

fA^ LENGTH: 426 
b1 type: nucleic acid 

\l\ iTOAHDBDNESS: double 

(D) TOPOLOGY* linear 
(ii) MOLECULAR TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 



XaCUTCCAl CCXGGCCAAG TTGCCTCTCA XCTGCGTGCO CTCCATGACa CTGGCTGTGC 
CTGAGCTCCT GCIGXGGCAG CTGCCACAGG AGCCTGCCCC CACCATGGGC ACCCXGGACI 
CAXGCAXCAX GAAACCCXCA CCCAGCCXGC CCGAGXCCCX GXAXXCACXG GXGAXGACCT 
XCCAGAACGC CGGCAXGXGG XGGTACXXXG GCXOCXACXX CXGCCXGCCC AXCCXCXXCA 
CAGXGACCXG CCAGCTGGXG ACAXGGCGGG XGCCAGCCCC XCCAGGGAGG AAGXCAGAGT 
CCAGGGCCAG CAAGCACGAG CAGXGXGAGA GCCAGCXCAA CAGCACCGXG GXGGGCCXGA 
CCGXGGXCXA CGGCXXXXXG CAACCXXCCA GAGAACGXXX GCAACAXCGX GGXGGGCXXA 



240 

300 

360 

420 

426 
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INFORMATION FOR SEQ ID NO: 6 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 248 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: CDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 



AACAAGGGCC GTGGTCTACG MCTTCTGCAC 
CGCCTACCTC TCCAGCGACC IGACCCGCCA 
GTTCTCCACC nCTTCAACG CCCCCAIGAC 
GCTGCCCCAG GCCIICCTGG ACTCCTGCTG 
TICGGAGG 



CCTCCCAKAG AACGTCTGCA ACATCCTGGT 60 
GNGCGTGGAC CICCTGGGCC TCATCAACCA 120 
CCCAGTGCTG GICCTTIGGA ICTGCAGGGC 180 
CTGCTGCIGC TGHIACGAGT GC6GCGGGGC 240 

24B 
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INFORMATION FOR SEQ ID NO: 7 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 

(3) TYPE: nucleic acxd 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

AACTTCCCTG TCATCTCGGT CCCCTC 28 

INFORMATION FOR SEQ ID NO: 8 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: nucleic acid 
IC) STRANDEDNESS: single 
(P) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: synthetic DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

TCAGCTCCTG CTGTGGCAGC TGGCACAG 28 

INFORMATION FOR SEQ ID NO: 9 

ID SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 
(B^ TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: synthetic DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9! 

CATGCGGGCG TTCTGGTAGG TCATCAC 27 
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INFORMATION FOR SEQ ID NO: 10 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



GAAGACGATC G6CAGGCAGA ACIACCAC 28 



INFORMATION FOR SEQ ID NO: 11 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



ATGAAGGGCA CGGCAC6ACA AGAAACG 27 



INFORMATION FOR SEQ ID NO: 12 

(i) SEQUENCE CHARACTERISTICS? 

(A) LENGTH: 27 

(B) TYPBi nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



ATGACAATAC GGAGCCAGAA AAAGAGG 
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INFORMATIOK FOR SBQ ID HOt 13 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 

(B) TYPE: nucleic acxa 

(C) STRANDEDNESS s single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

GTCGACCACA TGTGTGAGGC CACCAAACAG TGC 33 

iNFOHMATIOM FOR SEQ ID NO: 14 

fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

TACTGGGGCC TCACCAAGGT GTGCCCAG 28 

INFORMATION FOR SEQ ID NO: 15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 

(B) TYPE: nucleic acia 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTIONt SEQ ID NO: 15: 

GICGACICGC TGTCTCCT6C TCATCCACCC *AI 32 



Claims 



A a Dfotein couDled receptor protein which comprises the same or substantiaOy the same amino acid sequence 
?s^S repr^reSiS S SEQ ID NO: 1. or a variant of the amino acid sequence having a deletion, addrtlon or 
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subBtRution oJ 1 to 30 amino acids, or its sal 

or substilulion o» 1 to 30 amino adds, or its salt 

3. A partial peptide ol the G-protein coupled receptor protein ot claim 1 or its salt 

4. An isolaied DNA comprising DNA having a nucleoUde sequence encoding the G^roteln coupled receptor protein 
of claim 1. 

5. The isolated DNA ol claim 4 having the nucleotide sequence represented by SEQ ID NO: 3. 

6. The isolated DNA ot claim 4 having the nucleotide sequence represented by SEQ ID NO: 4. 

7. A recombinant vector comprising the DNA oldalm 4. 

8. A translormant comprising the recombinant vector ol claim 7. 

9. The translormant of claim 8 v-hlch is Eschgrjc^ 

,0 A process for preparing the G-protein coupled receptor protein ot claim 1 ^J^^^^^JV^^'^' '^""'^""^ 
' S"or^,i.t dfclaim 8 to fom, the G-proteIn coupled receptor prdein and (e^yerlnait 

4 ^.«,^,nin« „ Boand to the G-protein coupled receptor protein ol claim 1 or its salt which comprises 

contact with a test compound. 
12. A method for screening tor compounds which alter binding ot a Bgand to the G-protein coupled receptor protein 
of claim 1 or Its salt, or their salts which comprises eompanng 

(Oligandblndin9uponb,inglnBthe6-proteincoupledreceptorproleino.clalm1 orte . 

3 m » Ml mo eonloa V« fte Kgand aril « t«« compoinil. 

or cell stLlation a^lvities mediated by the G-protein coupled receptor p,ote.n of claim 1 . 
claim 1 or its salt or the partial peptide of claim 3 or Ss salt. 
^ or its salt. 

ia A compound which alters ligand binding to the G-protein coupled receptor protein ol claim 1 or Its salt obtained 
by the screening method ol claim 12 or the kit ol claim 1 4. 

1 7. An antibody against the G-protein coupled receptor prcein ol claim 1 or Hs salt or the partial peptide of ctelm 3 or 
Ks sail. 

18. Amethod for detem^iningthe G-protein coupled receptorprotein of clah>1.orHs salt or the partial peptide otcla^ 
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3orttssal.lnaspecimenwhfchconvrisesbrin9infl1heantibodyofcte^ 

receptor protein ol claim 1 . the partial peptide d clairr) 3 or a salt thereol In the spec^nen. 

A ,A=™«r«..»irj,l comoosition comprising as an effective component the G-proteh coupled receptor protein of 

20. A pham^aceutical composition comprising as an effective component the compound of claim 16 or its salt, and a 
phannaceutically acceptable carrier or diluent. 



SB 



(C) 2001 Copyright Derwenl Information Ltd 



EP 0 B45 ^ A2 

Fig. 1 . 
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Fig. 1 (continue!) 



1440 
272 



2041 cCACICCroCCCCIGGG^^ ""Zl 
473 Prol-wjLcuProI^uGlyTJirProCys**' 



1500 
292 

1560 
312 

1620 
332 

1680 

352 

1740 
372 

IBDO 
392 

1860 
412 

1920 
432 

1980 
452 

2040 
472 



60 

(C) 2001 Copyright Derwent Information Ltd. 




EP 0 845 529 A2 



Fig- 2 
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Pig. 3 
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Fig. 4 
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